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The lifeblood of every economy largely depends on energy for all sectors and the livelihood of 
the citizenry. Integrated Energy Planning (IEP) is therefore necessary to make sure that energy 
needs are met in most affordable and sustainable means devoid of any environmental effects. 
Ghana currently has no future energy strategic plan or framework on its generation system, 
apart from the Energy Commission’s (EC) study. Additionally, the EC based its research on 
the year 2000 parameters and estimated the energy system up to 2020, which does not entirely 
represent the current energy situation. A critical look on the EC’s document shows that, the 
research did not entirely assess the ecological effects of the future pathway on energy 
generation concerning the reduction of the CO2 emission effects and policies. Carbon emission 
and tax targets were silent on how the future generation system could be developed. The EC’s 
study again, did not make any provision for identifying the optimal cost model for energy 
generation development in Ghana. The main objective of this thesis is to develop an integrated 
energy-planning framework for Ghana, promote energy efficiency, stimulate the utilisation of 
Renewable Energy Sources (RES), encourage CO2 emissions reduction and create revenue 
for effective maintenance work and to reduce transmission and distribution losses. In order to 
achieve the objectives of this study, three methodology approaches were employed namely, 
content analysis, multiple case study and procedure for IEP framework development.  The 
main computer tool used for the analysis and future energy projections was Long-range Energy 
Alternative Planning (LEAP). To make proper future energy projection for demand and supply 
to 2050, it is imperative to use key parameters such population change, urbanisation and the 
country’s Gross Domestic Product (GDP). The results showed that, the present policies are 
not internally consistent and are short-term focused and difficult to implement.  Again, the EC’s 
policies do not address the future challenges of energy needs in long-term basis. In spite of 
Ghana’s solar and wind energy potentials, the country is yet to profit from the plentiful 
resources of the renewable energy. Finally, an integrated energy-planning framework was 
developed to serve as a roadmap for Ghana’s energy systems up to 2050. 
Key words: Framework for Renewable Energy Integration, Energy Efficiency, Energy Source, 
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This chapter presents the background and emphasises the structure of the study. It deals 
with the contextual and rationalisation of the study, which designates the current challenges 
facing the Ghanaian energy sector and the necessity for the study. Chapter one again 
describes the framework used for the research, presents main objectives and significance 
of the study. The chapter also gave a brief overview of the energy developments in Ghana, 
problem statement, research question and structures. 
 
1.1 Background and Justification 
The increasing cost of fossil fuels, climate change, energy sustainability and a political 
necessity  for total independence of energy have combined to increase interest in the use 
of renewable energy sources [1, 2] in order to meet growing electricity demands, as well as 
partially displacing existing thermal power generation. With an estimated population of 28.4 
million in 2018, Ghana has abundant energy resources that are equally spread in the country 
[3]. Ghana’s energy system is currently dominated by fossil fuel based energy generation, 
which has contributed to the high CO2 emissions. A shift from fossil fuel to RES is considered 
as a viable option for mitigating CO2 emissions in Ghana [3].  
 
The energy resource possibilities of Ghana can be estimated at 3000 MW of hydropower, 
1450 MW of thermal and about 1500 MW renewable energy [2, 3]. The ecological effects, 
instability of oil and gas prices in world market, demand the exploitation of maintainable 
energy [1, 3]. Sustainable Development Goals (SDG), which replaced the United National’s 
Millennium Development Goals (MDG), Goal number 7, required every nation to accept any 
form of technology, which has the capability for the development of renewable energy 
generation in the developing nations [2].    
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As it stands now, electrical power emanating from RES is approximately less than 1% of the 
entire capacity of the power generated in Ghana [2, 3]. Many countries around the world are 
targeting higher percentages for RES. Denmark has a comprehensive framework with the 
aim of seeking total independence of the fossil fuel energy [3]. South Africa has targeted 
more than 40% RES within a period between 2015 and 2050, and the Indian Government 
has targeted 20,000 MW from solar and 38,500 MW from wind energies respectively, by the 
year 2022 [6]. Nonetheless, compared with conventional power-generating facilities, RES 
have challenging operating characteristics such as lower, more variable capacity factors, 
and variable intermittent availability [4]. The RES and utility grid integration is determined 
by the gage of power generation. Power generated in large scales must be connected to 
the transmission systems, while power generated in small scales should be connected to 
the distribution systems. According to experts in the power industry, integration of RES into 
grid system directly, has its own challenges [5]. From the views of the above stated trends 
of RES integration, it is necessary to examine the probable answers for these issues [6, 7]. 
This research presents some challenges and issues encountered during RES integration, 
with some probable solutions in Ghana. 
 
An attempt has been made by some companies to generate renewable energy in large and 
commercial quantities. The Greece and German experience will be used in this study. The 
frequency deviation of the grid caused by variable renewable energy instability is a major 
concern for securing power system operation through integration of large-scale RES [8]. An 
attempt will be made to assess how energy produced in Ghana is monitored by using Smart 
Grid (SG) and Advanced Metering Infrastructure (AMI). SG and AMI in particular, introduce 
new security challenges. Monitoring exercise will also be conducted on how renewable 




Even though Ghana is struggling to meet its energy needs [10], the growing economy, 
combined with growing populace, as well as urbanization, will increase the pressure of future 
energy demands. The official forecasts of energy demand [11, 12] and various research 
findings by Adom [13], Abledu and Bekoe [14] and Awopone [18] forecasted annual 7 – 12% 
increase in energy demand for the next twenty years, subject to the country’s growth in 
population and GDP rates [13]. Three paths were identified in the Energy commission’s 
research for the provision of energy generation plan in Ghana from 2006 to 2020. These 
include 10% increase of the contributions of thermal, Nuclear and renewable energies to 
the national grid. However, renewables reliable capacity as at December 2016 was less 
than 2% as compared to the 10% target [10, 14]. The outcome of the energy Commission’s 
strategic plan from 2006 to 2020 is the benchmark for Ghana’s energy development 
currently [11]. The years 2013 to 2016 have been the darkest moments in the country’s 
history because she suffered her longest power shortage, which resulted in loss of jobs and 
untold hardship on her people. Ghana is still struggling to meet its energy needs and it has 
resulted in intermittent power outages due to lack of a comprehensive energy-planning 
framework for the country.  
 
1.2 Similar framework 
The Integrated Energy Planning (IEP) is the overall energy plan of action for electrical 
power, gas and liquid fuels. The lifeblood of every economy largely depends on energy for 
all sectors and the wellbeing of the citizenry in that country. IEP is therefore necessary to 
make sure that energy needs requirements are met in affordable and sustainable means 
and be mindful of avoiding any negative influences on the environment [15, 16]. A dearth of 
IEP for energy sector of a nation can lead to under investment in the desired energy 
infrastructure. Denmark has a long-term strategic plan of achieving 100% renewable energy 
supply of electricity by 2050 in all sectors of the economy [16].  South Africa on the other 
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hand has also put in place a comprehensive IEP and Integrated Resource Plan (IRP) 
framework up to the year 2050. The IEP for South Africa comprises four dissimilar scenarios 
that resulted in different stages of energy demand, however, IRP uses the Council for 
Scientific and Industrial Research’s (CSIR) electricity demand projections [17, 18]. Energy 
situations in some selected African countries such as Nigeria, Togo, Democratic Republic 
of Congo, Uganda and Egypt were also examined on RES and grid integration as a guide 
for the development of the IEP framework for Ghana. These selected countries were used 
in this study due to their similarity of geographical locations to Ghana. 
 
1.3 Aims and Objectives 
1.3.1 Aim 
The aim of this study is to develop an integrated energy-planning framework for Ghana by 
providing precise data on financial and ecological presentation of the country’s energy 
generation and provide possible solutions that could end the perennial load shedding in 
future. 
    
1.3.2 Objectives 
1. To examine various renewable energy projects as well as integrated energy- 
planning frameworks in South Africa and Denmark.  
2. To explore off-grid renewable energy projects in Ghana. 
3. To determine renewable energy integration in Ghana, investigate the challenges and 
key issues facing the energy sector, and suggest probable solutions. 
4. To develop an integrated  energy- planning framework from 2017 to 2050 for Ghana  
 
1.4 Problem Statement 
Renewable Energy (RE) is unavoidable component in developing a micro grid; however, its 
integration into the national grid has various challenges. Uncertainty and intermittency are 
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the primary challenges for RE and grid integration. It is difficult to provide a consistent energy 
from RE and it is unpredictable, thus, RE might cause under-utilization of energy and 
unexpected voltage fluctuations. For example, wind speed might have huge instant variation 
and solar energy cannot supply energy during night time. Under these circumstances, RE 
might cause under-utilization of energy and unexpected voltage fluctuations [12].  
 
Ghana currently has no future energy strategic plan or IEP framework on energy generation 
system apart from the Energy Commission’s study, which projected its planning to year 2020 
[14]. Additionally, the EC based its research on the year 2000 parameters and production 
of the energy system, which does not entirely represent the current energy situation in 
Ghana. A review of EC’s document shows that, the research did not assess entirely the 
ecological effects of the future pathway on energy generation about the reduction of the CO2 
emission policies. Carbon emission and tax targets were silent on how future generation 
system could be developed. The EC’s study again did not make any provision for identifying 
the optimal cost model for the energy generation development in Ghana. Other research 
works in the Ghanaian context by the following authors: A. K. Awopone [18], J. K. Abledu 
[13] and A. Brew-Hammond [17] looked at scenarios on energy situation in Ghana, but their 
studies did not add any policy framework guidelines for future directions. It is necessary to 
consider all these factors when investment of energy policies on RES are made. In an 
attempt to fill this gap, it is imperative to develop an Integrated Energy Planning framework 
and propose measures aimed at identifying key issues relating to integration of RES in a 




Figure 1. 1. Integration of off-grid RE systems to national grid [20] 
 
 
1.5 Research Question 
How do we develop an Integrated Energy Planning (IEP) framework for the integration of 
RES in Ghana?  
 
1.6 Research Methodology  
The method for this study was based on bottom-up approach of getting outcomes from a 
larger amount of information. The study was conducted in sequential order to facilitate the 
entire conformable set of requirements needed. Consumers of RES were consulted 
because they were in the proximity of the researcher’s area and were relevant to the study. 
The main computer tool used for the analysis was Long-range Energy Alternative Planning 
(LEAP). The observation method was employed to observe how Electrical Power Managers 
in Ghana manage the energy system. Literature was reviewed on other frameworks 
developed by Denmark and South Africa. These two countries were selected because of 
their similarities in energy generations and natural resources for the development of the 




1.7 Research Framework 
The study focuses on a development of a framework for energy planning for the integration 
of renewable energy in Ghana. The modelling and analysis of the future–electricity- 
generation- system of Ghana will be done. Figure 1.2 indicates the schematic diagram of 
the methodology framework. The framework development has been categorised in three 
stages namely, theoretical framework (Stage 1), empirical analysis (Stage 2) and integrated 








Figure 1. 2. Procedure to develop the framework 
 
Stage 1 establishes the necessity for the research to provide the general synopsis of the 
energy situation in Ghana. It comprises a literature review of obtainable resources, the 
demand trend, energy supply in Ghana and working structure of Ghana’s energy demand 
and supply systems. The identified tool, Long-range Energy Alternative Planning (LEAP) 
approach as the chosen computer tool for the research was also reviewed in stage 1.  
 
The empirical analysis stage comprises the various methodologies used in the study, which 
comprises multiple case studies in hydro, wind and biomass power. Stage 2 also explained 
the procedure for developing an integrated energy-planning framework, the use of 
renewable energy integration, integrated energy plan framework in countries such as 









Stage 3 describes a framework development as well as integrated energy planning. This 
stage also offers the yardstick for comparing other related studies, and establishing the 
fundamental meaning of this research. This final stage assesses the sustainability of the 
strategy used in developing a framework for RES integration to the national grid.  
 
1.8 Significance of the Study 
This research provides an enhanced integrated energy-planning framework for Ghana. The 
developed framework outlines the current model system for energy generation in the 
country, with bottom-up approach to cover all sectors with higher energy demand. The study 
provides an all-inclusive library for guiding energy policy makers for formulating and 
strategizing the right policies for shaping the generation systems in Ghana. It will also 
provide an added information on the future of Ghana’s energy generation expansion 
programme.    
 
Finally, the outcome of the study will be beneficial to all sectors of the economy in Ghana 
and some other countries in Africa. The investigation and the analysis made on Ghana’s 
economy, environment and energy situation will guide the policy makers and technical 
people in making achievable policies and taking decisions on the energy sector in Ghana. 
The findings may also be suitable for other developing countries, where their energy 
generation systems are dominated by thermal and hydropower as practiced in Ghana. 
 
1.9 Organisation of the thesis 
This study is organized into six chapters;   
Chapter 1 presents the main background of the study. This includes the main objectives and 




Chapter 2 presents the literature review on the related topics on the integrated energy 
planning frameworks and energy situations in some selected African countries. The chapter 
also provides an overview of LEAP model, the main tool used for the study. The chapter is 
categorised into four sub-sections, these include: an investigation into integration of RES in 
some selected African countries, the entire energy situation and contribution of RES in 
Ghana, studies on applied LEAP methodology and the final section examines similar IEP 
frameworks using South Africa and the Republic of Denmark as the case studies.  
Chapter 3 presents the development and analysis various methodologies used in the study. 
Content analysis is also employed in this chapter. Chapter 4 presents the data collection 
and analysis method. Chapter 5 presents the development of the frameworks, of two case 
studies on an integrated energy planning frameworks of South Africa and Denmark. It is 
against that background where an integrated energy-planning framework was developed for 




The summary of the main novel contributions presented in this work are as follows: 
 The overall results of this study suggest about 40% of Non-conventional Renewable 
Energy Resources (NRES) into Ghana’s energy mix within the study period: 30% by 
2030 and 40% by 2050. This target could be met by harnessing the Renewable 
potentials in Ghana. 
  
 Promotion of energy efficiency in transmission and distribution systems, reduction of 
losses in transmission lines and maximum use of renewable energy were proposed in 





 The study suggests integration of NRES into the energy generation systems, which 
will result in about 40% CO2 emissions reduction in Ghana, within the study period. 
  
 The study recommends a strategic framework and suggested methods to be 
implemented in order to reduce losses in distribution systems and  how to promote the 
efficient and ecologically accepted energy system. 
 
 The study recommends imposition of carbon tax and use of the revenue for proper 
maintenance work on the existing equipment.  
 
 Finally, the focus of the study, an integrated energy-planning framework was 
developed to serve as a roadmap for Ghana’s energy system up to the year 2050. 
 
The model and techniques used in this work could be applied and generalized to other 
countries offering IEP framework for the development of their energy sectors.  
 
1.11 Summary  
This Chapter presented the background and the rationale of the research, problem 
statement, objectives and the scope of the research. Theoretical assumptions and my 
unique contributions were elaborated. The methods to be employed in this research study 
are both quantitative and qualitative with questionnaires, interviews and observations as 
relevant instruments. The Advanced Metering Infrastructure (AMI) will be used to measure 
and detect energy losses in the Ghanaian context. A framework for integration of Renewable 






Chapter Two  
Literature Review 
2.0 Introduction 
This chapter reviews previous studies in relation to the integrated energy planning 
frameworks about the integration of national grid and renewable energy sources. The 
chapter is divided into four sub-sections: the first section examines the integration of RES 
in some selected African countries. The second section reviews the entire energy situation 
and contribution of RES in Ghana. The third section examines studies on applied Long-term 
Energy Alternative Planning (LEAP) methodology and the final section examines similar IEP 
frameworks using South Africa and the Republic of Denmark as case studies. 
 
2.1.0. Section I: Energy Situation in Some Selected African Countries 
2.1.1. Energy Situation in South Africa 
South Africa is well planned as the most industrialised nation in Africa. The Department of 
Energy (DoE) since its separation from the minerals and energy department in 2009 manage 
the country’s energy sector [21]. The DoE is mandated for formulation and implementation 
of all energy policies [22]. It is responsible for ensuring access to dependable and 
reasonable price of energy for the country and to ensuring ecological friendly energy use. 
Other functions of the DoE is to ensure effective running and oversight responsibility of all 
energy resources in the country [22]. Eskom, the state owned company is currently 
managing the electricity sector in South Africa. Eskom is presently generating about 44,175 
MW of power, which represents about 96.7% of electrical energy needs of the country. To 
ensure energy security in South Africa, the DoE has proposed an additional 40,000 MW to 
be produced by Eskom and Independent Power Producers (IPPs) by 2025 [22, 23]. South 
Africa, through Eskom, has over 28,000Km transmission lines across the country.  Eskom 
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and other 187 municipalities presently manage the distribution of electricity, which is the 
final stage to deliver electricity to the consumers [24]. 
 
i. Energy Resources and Production in South Africa 
South Africa’s energy generation is dominated by coal, which currently provides over 70% 
of the total installed capacity and crude oil contributes about 22% [25]. Natural gas, 
renewable energy and Nuclear power, including biomass and hydro contribute only 9% of 
the installed capacity as indicated in Figure 2.1. A further check in [26, 29] discloses that 
coal contributes about 90% of power generated, 5% of nuclear and 4.5% hydro, in that order. 
Natural gas, Petroleum diesel and other RES such as biomass, wind, solar, bagasse and 
landfill gas together contribute only 2% [29]. 
 
 
Figure 2. 1. Total primary energy supply in 2016 in South Africa. [23] 
 
ii. Renewable Energy Potential in South Africa  
In 2009, the South African government started exploring Feed in Tariffs (FITs) for RE 
development [28]. The idea was later dropped and competitive tender approach was 
adopted to allow IPPs expertise and investment into RE grid-connected development in 
South Africa at competitive prices. South Africa has a comparatively infant, but increasing 
renewable energy industry. 18.2 GW renewable energy has been proposed by the 
government in 2030. With that proposal, renewable energy in South Africa will be 
13 
 
contributing about 42% of the total installed capacity. Wind energy is expected to provide 
8.4 GW, 8.4 GW of Solar PV, 1 GW of solar CSP and 0.4 GW of all other renewable energy 
resources in the country [28]. 
 
iii. Biomass Energy Potential in South Africa 
The contribution of Biomass in South Africa’s energy source is projected to about 10% of 
the country’s installed capacity. Only bagasse and wood are currently available in South 
Africa [28]. Table 2.1 indicated the Government’s projection on biomass energy from 2006 
to 2016. At the end of 2016, a deficit of 27.7 % was recorded. 
Table 2.1. Biomass Energy Projections in SA [28] 
Year 2006 2011 2016 
Population 28,750,903 33,817,496 39,778,010  
Consumption (tons/yr.) 27,525,903 32,699,196 38,893,119  
Sustainable supply (tons/yr.) 27,698,231 28,227,662 28,136,254  
Crop residues 4,400,000 4,730,000 5,084,750  
Balances (tons/yr) 162,328 4,471,535 10,756,866  
Balances (when residues are 
included) 
4,238,000 256,365 5,672,116  
 
Deficit/Surplus (%) 3.2 -13.7 -27.7  
Deficit/Surplus (tons/person) 0.031 -0.132 -0.270   
 
iv. Solar Energy Potential in South Africa 
The main solar potentials in South Africa are Solar Water Heating (SWH), Concentrated 
Solar Power (CSP) and Photovoltaic (PV). The entire interior insolation of the country has 
an average in excess of 5,000 Wh/m2/day [29]. The Northern parts of the Cape alone has 
an average insolation of about 6,000 Wh/m2/day [29]. South Africa has comparative 
advantage of solar radiation average than USA and Europe. South Africa has 220 W/m2 as 
compared to 150 W/m2 and 100 W/m2 for USA and Europe respectively [28]. Solar power, 





v. Wind Energy Potential in South Africa 
The condition of wind energy potentials in South African coastal regions look relatively good. 
Wind energy in South Africa is mainly for irrigation purposes, about 300,000 of such wind 
mills have been erected so far. Another 500 wind turbines, which generate direct current at 
36 volts are also placed in farms for irrigation purposes. A 5.2 MW capacity wind farm, which 
is expected to produce 13 GWh yearly, was commissioned in 2009 in Darling. Meanwhile, 
Wind Energy Programme has been established by the DoE and funded by Global 
Environmental Facility is expected to support the development of wind energy in South 
Africa [23, 26]. 
 
vi. Expectations from IPPs in South Africa  
After the IPPs involvement in power generation policy in 2009, a strong determination was 
made by the DoE to produce 3,625 MW across different technologies by the end 2030. IPPs 
were requested to submit bids [26]. Table 2.2 shows the IPPs bidden and allocations given. 
Table 2. 2. IPPs bidden and allocations [26] 










 MW   MW  MW 
Solar PV  631.53   818.47   1450.00 
Solar CSP  150.00   50.00   200.00 
Wind    633.99   1216.01   1850.00 
Biomass   0.00   12.50   12.50 
Biogas 0.00  12.50  12.50 
Landfill gas 0.00  25.00  25.00 
Small Hydro 0.00  75.00  75.00 
Total MW  1415.52   2209.48   3625.00 
Total Capacity - Bids 
Received 
2127.66     
Percentage Preferred 
Bidders 
66.50%     
Number of Passing 
Bids 
28.00     
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2.1.2. Energy Situation in Uganda 
The current installed generation capacity of Uganda is 820.5 MW, but the available installed 
generation capacity is 558.5 MW as at 2016. The peak demand as at 2016 was 487 MW. 
With the population of about 34 million according to the 2012 general census, the county’s 
annual average load growth is around 10%. Large Hydropower contributes 82% of the 
generation mix with 10% for the thermal. Mini Hydro and Co-generation contribute 5% and 
3% respectively [30]. 
 
i. Hydropower Potential in Uganda 
The hydropower potential in Uganda is estimated at over 2000 MW, but reports indicated 
that less than 10% is exploited.  However, hydro-power only contributes 1% to the installed 
capacity [33, 34]. The installed generation capacity for hydro energy 683MW with 400MW 
peak demand. The average growth rate for hydropower is around 8% annually. Uganda 
needs about 20 MW every year in order to meet the increasing demand of electrical energy. 
Considering the large gap between supply and demand, Uganda needs to embark on large-
scale hydropower development programme to move the economy forward. Only 135 MW 
hydropower is generated because of drought [35, 36]. 
ii. Biomass Energy Potential in Uganda 
Biomass constitutes 93% of energy consumption in Uganda, and is considered as the 
second main source of energy, apart from hydropower for energy supply security in Uganda. 
It provides all energy needs in the country such as cooking, heating, household commercial 
and institutional needs. It is the main energy source for rural industries it has an estimated 
potential values of 1,650MW of power if exploited and a total biomass based cogeneration 
has value 190 MW [32, 41]. 
iii. Solar Energy Potential in Uganda 
Uganda is endowed with favourable solar radiation which produces between 5 and 6.8 
kWh/m2 daily. It has a lot of energy potential if exploited with an estimated value of 200 MW 
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available. Currently 3,000 solar PV systems are installed and mostly used for off-grid 
electrification for rural communities in Udganda. [37, 39]. Solar enegy is also used for 
cooking, heating and power to public buildings [34, 40]. 
iv. Energy policy in Uganda 
The electricity Act of Uganda was promulgated in 1999. The aim of the policy was to reform 
the power sector with introduction of IPPs to compete with the National electricity 
industry [31, 44]. To achieve a reliable and affordable power for the rural populace, the 
Government decided to support electrification projects [31, 33]. The 2012 target of improving 
electricity access in rural from 2 to 12%, funded by the World Bank and the Global 
Environmental Facility through Energy for Rural Transformation, could not be met as a result 
of diversion of funds to other projects than the intended purpose. The state of renewable 
energy in Uganda as at 2015 was less than 8% capacity [30, 42]. To attain the MDGs 
renewable energy capacity target of 30 to 40% RE, the country has set for itself 30% target 
of RE to augment the Uganda’s installed capacity [34, 43]. 
 
2.1.3. Energy Situation in Togo 
Communaute Electrique du Benin (CEB) and Compagnie d’Energie Electrique du Togo 
(CEET) are the two main companies that manage the energy sector in Togo. Their mandate 
is to  produce power for the transport sector and distribution of power in medium and low 
voltages [45]. The installed capacity of power as at 2012 was 1042 GWh. 888GWh is 
delivered by CEB to CEET. CEET’s own production in the same year was about 14.3 GWh. 
The IPP’s in Togo contribute 100 MW. Togo’s dependable installed capacity raised to 150 
MW in 2013 of  which 13% comes from renewable energies. The main challenges facing 
the energy sector in Togo are finances and infrastructure which normally cause power 
outages [46]. However, the contribution of RE in Togo is less than 6% of the installed 
capacity of Togo [47].  
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i. Solar Energy Potential in Togo  
Togo is located at a sun belt with high potential of solar energy installations across the 
country. However, the 506 solar power systems currently installed in Togo, which contribute 
about 50 kW, are produced by IPPs, and are mainly used for irrigation purposes. Togo’s 
solar energy production started in 1980 to produce power for health facilities, 
telecommunication centres, and billboards illuminations and to produce power pumps in 
rural areas [46, 48]. 
ii. Wind Energy Potentials in Togo 
Togo is yet to produce energy from wind. In spite of the country’s wind potentials, Togo has 
only one proposed project on wind energy production. The operation of 25.2 MW plant by 
Delta Wind is still under implementation stage after signing the concession agreement in 
year 2000 [49] 
iii. Proposed Energy policy in Togo 
The proposed energy policy written by the Togo’s Energy Commission (EC) in 2008 is yet 
to be adopted by the central government. The implementation stage of the document was 
slated for December 2014 but the final document is still under consideration stage at the 
EC’s office [46]. The draft energy policy is expected to address various challenges in the 
energy sector and to promote energy efficiency in the areas of generation, transmission and 
distribution of electrical energy. The policy also seeks to promote and adopt an investment 
code for tax collection and incentive for RE production, to encourage off-grid energy 
production isolated areas and to provide incentives for businesses and ensuring reasonable 
returns on the investments made in the power sector [51]. The promotion of RE to reduce 
energy deficit was also considered in the policy and placed under the supervision of the 
housing division of RE of the General Directorate of Energy (GDE) [52, 53]. The 
development strategy (ESCAPE 2013-2017) was set up to improve the institutional 
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framework and regulatory bodies for the promotion of RE development in Togo, with 5 MW 
and 12 MW of solar and wind energies respectively [54]. 
iv. Energy Situation in Democratic Republic of Congo (DRC) 
Society National Electricity ((SNEL) was established in 1970 as the main government 
organization to control electricity in the DRC. Under SNEL was mandated to have oversight 
responsibility over the six private companies, which were initially controlling the generation 
and distribution of electrical energy in DRC. In 1974, government under new decree No. 
74/012 took over all the six companies [55]. This is to ensure that, the state controls all 
activities about generation, transmission and distribution of electricity in DRC. The primary 
energy source for DRC consists of Hydro, fossil fuels, renewables, and waste energy. The 
energy situation in Congo is dominated by hydropower, which contributes about 96% of the 
country’s energy mix. Congo’s energy sector depends highly on charcoal and fuelwood due 
to the absence of divergence of power sources, which accounts about 95% of total use of 
energy by its 73,670,000 population. DRC has 100,000 MW hydropower potentials, which 
is about 13% of the world’s hydropower potential. Currently, about 650 to 750 MW is 
estimated as DRC’s aggregate power station. The entire generation capacity in DRC is 
2,505 MW but reliable supply currently stands at 1150 MW. The shortfall is attributed to lack 
of maintenance and spare parts required [56, 57].   
 
2.1.4. Energy Policy in DRC 
The DRC’s population currently stands at about 70 million people, and only 6% of the 
population has access to reliable electricity supply [57]. The entire energy system in DRC is 
disjointed; the country has no energy policy in place. A consultancy firm in Madrid, Spain 
called Mercados Electricity Market international in 2008 was contracted by Energy ministry 
to develop a roadmap for the country’s energy system by developing energy policy, 
electricity legal code and strategy for the rural electrification. Electricity legal code for DRC 
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was adopted in May 2009 in Kinshasha workshop. It was agreed at the workshop that, 
regulatory authority for the energy sector and rural electrification fund be created and 
national electrification agency be established for DRC [57, 59]. 
i. Energy Demand and Consumption Rate in DRC 
Energy demands and consumption rate in DRC relate to the population growth. Even 
though, generation of electricity has increased by 15% in the last 10 years, the population 
growth has seen an astronomical increase of 41% in the same period, according to CNE 
[58]. Government buildings and public enterprises consume about 50% of the power 
generated in DRC annually [60]. Due to lack of electrification projects, only 10% of energy 




Figure 2. 2. Electricity distributions and usage in DRC [61] 
 
ii. Renewable Energy in DRC 
Renewable energy accounts very little in DRC’s energy capacity. Even the country is 
endowed with many renewable energy potentials, it is yet to utilise them. Biomass, biogas, 
and solar are currently contributing to the energy needs of the country but their contribution 
is insignificant [60].  
iii. Biomass Energy Potentials in DRC 
Firewood and charcoal are the two main biomass products in DRC. The country can boast 
of 125 million hectors of forest. Wood has a potential of 12.5 billion m3 with yearly production 
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rate of about 2m3/ha. The domestic demand of biomass energy cause the country of about 
400,000 hectors of forest annually [62, 63]. 
iv. Biogas Energy Potential in DRC 
DRC has enormous biogas potential from animals waste and plants to the tonne of 50 billion 
m3 at methane forest reserves located at Lake Kivu region. In spite of these numerous 
biogas potentials in DRC, biogas contribute nothing to the national grid [63, 64].  
v. Solar Energy Potential in DRC 
DRC is located at a sun belt with high potential of solar energy installations across the 
country. 836 solar power systems are currently installed in DRC, which contributes about 
83 kW to the national grid [63, 64].  
 
2.1.5. Energy Situation in Nigeria 
Nigeria installed its first ever-generating plant in 1898, which only supplied power to the 
colonial master lived in Lagos [65]. In 1951, the Electricity Corporation of Nigeria (ECN) was 
formed through the act of Parliament. The ECN was mandated to expand the energy system 
to other parts of the country. In 1962, Niger Dam Authority established with a mandate of 
developing Hydro Power for the country [66]. The two companies were later merged and 
National Electric Power Authority (NEPA) was later established in 1972. NEPA lost the battle 
of meeting the demand of energy to the growing population of Nigeria. Due to the power 
crises that hit the country in 1990s the government was compelled to form the National 
Electric Power Policy (NEPP) in 2001 to start reforms in the energy sector [67, 68]. 
Africa’s most populated country is Nigeria with over 152 million people [69]. The first 
Nigerian policy (Policy 2020) report projected over 60% of the population have no access to 
electricity. This means that Nigeria is unable to generate enough power to support its 
citizenry. The current total installed capacity of Nigerian primary energy source is 4,633 MW 
but the effective or obtainable energy is hovering around 1,712 MW, which shows a clear 
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deficit of 2,921 MW power. The morning and evening peak demand requires at least 1,500 
MW and 1,800 MW respectively. The average demand in Nigeria now stands at 1,855 MW 
[70]. 
i. RES Potential in Nigeria 
Nigeria is endowed with many RES potentials but as it stands now, Renewable Energy (RE) 
contributes only 11% of the total installed capacity with an estimated value of 25% in the 
year 2030. Table 2.3 presents renewable energy potentials in the country [66, 67]. 
 
Table 2. 3. RES potentials in Nigeria [67] 
RES Estimated Capacity 
Large Hydropower 11,250 MW 
Biomass Energy (Animal waste) 61 million tons/year 
Wind Energy 3 - 5 m2 annually at 12m altitude 
Small Hydropower 3500 MW 
Residues from Crops  83 million tons/year 
Solar Radiation/day 3.6 - 7.1 KMh/m2/day 
Fuel Wood 13,071,465 Hectors of forest and woodland 
 
ii. Nigerian Energy Policy  
Nigerian policy on energy was promulgated in 2003 to serve as a framework for energy 
development in Nigeria to ensure energy security to the year 2020. The Renewable energy 
master plan (REMP) was developed based on this policy in 2005 [70, 71]. The REMP was 
a joint program between UNDP and the Nigerian Energy Commission. The vision 20:2020 
which was released in 2009, contained the government’s ideology of increasing the GDP 
from less than 10% to 13%. Nine key objectives were contained in the policy, notable among 
them are; to ensure national energy efficiency, security, dependable, sustainable and 
adequate generation of power at reasonable cost and an ecologically friendly manner to all 




2.1.6. Energy Situation in Egypt 
Natural Gas (NG) and oil are the two main energy source in Egypt. Both of them contribute 
about 95% of the country’s total installed capacity [72]. Egypt produced about 35 million 
tonnes of NG and oil annually [73]. The estimation oil and NG proven reserve as of now 
stands at 4.4 billion and 78 trillion cubic feet respectively. The figure excludes the recent 
discovery of NG fields in the Eastern part of Egypt in 2015 [73]. The reserves accrued so 
far are estimated to sustain the country for the next 15 years. Due to the growth of Egypt’s 
economy and rapid urbanization of the citizenry, the energy demand of Egypt has been on 
the increase recently, now the average annual growth stands between 7 to 10%. This shows 
that, Egypt requires at least 2 GW power annually in addition, in order to meet the demands 
of energy needs of its 90 million people. Figure 2. 3 shows the current state of energy 
sources in Egypt. Fossil fuels alone contribute about 89% and 11% for the others including 
renewables [74, 75].   
 
 
Figure 2. 3. Primary Sources of Energy in Egypt. [74] 
 
The increasing demand of power in Egypt, hydropower capacity has seen a reduction of 
about 15% [74, 75]. Egypt has one hydro dam, which limits them from adding to its hydro 
capacity. The CO2 emission rate is considered as one of the highest in the world [98, 99]. 
This trend can be reversed by introducing renewable energy technology. Egypt is expected 
to generate about 7200 MW from wind energy 2020 [76].  
23 
 
i. Hydro Power in Egypt 
Hydro current contribution to the Egyptian national grid hovering around 6 to 8% of the 
annual demand of electricity. Egypt has already exhausted its large-scale hydropower 
capacity in terms of development. However, plans are far advanced to generate 2000 MW 
through Pumped storage to aid addressing peak load challenges in Egypt. This 
announcement was made in 2014 [78]. 
ii. Renewable Energy Resources Development in Egypt 
RES contribution in Egypt energy system is still insignificant. It contributes only 2% of the 
country’s total installed capacity. The country is endowed with many renewable resources 
but it is yet to develop that part of the energy sector. The government of Egypt has issued 
a renewable energy master plan to develop a framework for renewable energy with specific 
interest in wind and solar energies in two future plans, 2025 and 2050 with the aim of 
increasing renewable energy up to 50% of the total installed capacity by the end of 2050 
[77, 78].  
iii. Wind Energy in Egypt 
The best-developed renewable energy in Egypt is wind energy. Wind energy currently 
contributes about installed capacity of 750 MW located at Zafarana and El-Zayt. Zafarana 
only contributes 545 MW, which is the world’s largest onshore windfarm. The total energy 
produced from wind in Egypt is about 20,000 MW [102]. The average wind speed in Egypt 
ranges from 8 to 10.5 m/s [77]. The country has earmarked about 7000 km2 of desert lands 
at Surz as well as western and eastern parts of the banks of the Nile River [78]. 
iv. Solar Energy in Egypt 
The average sunshine in Egypt ranges from 2900 to 3200 annually with energy density from 
1,970 to 3,200 kWh/m2/yr. currently, solar contributes about 20 MW to the national grid [77]. 
However, solar energy potentials in Egypt can produce about 1,850 kWh/yr [78].  
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v. Biomass Energy in Egypt 
Biomass should have contributed substantially to the Egyptian’s energy needs in the rural 
areas, but it cannot be estimated because of lack of official data. The sources of waste 
biomass generation in Egypt can be obtained from the following: forest residues, sewage 
sludge, and agro-industrial by products and municipal solid waste. The municipal solid waste 
in 2010 was estimated at 19.7 million tonne/y in Egypt’s governorates [77, 78]. 
vi. Energy Policy in Egypt 
Egypt has a comprehensive plan for its energy sector, currently, the total installed capacity 
as December 2017 stands at 45,192 MW with the maximum load of 30,400 MW. The 
transmission grid stands at 45,000 MW and the generated energy is 186,320 GWh [76]. 
Apart from the statistics listed above, Egypt has an abundance of renewable energy 
resources. Egypt has neither energy policy nor integrated energy planning framework for its 
energy sector. However, there are various laws and regulations, which form guidelines for 
the energy sector such as laws on RE development as enshrined in article 32 of the Egypt’s 
national constitution, electricity law, first round Cabinet decree on Feed-in-tariff, second 
round Prime Minister’s decree on feed-in-tariff for RE projects [89]. The current energy plan 
for the country from 2016 to 2035 is illustrated in Figures 2.4 and 2.5. 
                     
        





The review made on the selected countries show that, the renewable resources are 
underutilised. Almost all the countries under review preferred Wind and solar energies to 
other renewable energy sources. Almost all the selected countries used thermal and 
hydropower as their main source of electrical energy.  The power providers in the countries 
under review played an important roles to play in integrating renewable energy to their 
national grid.  This calls for a shift from the total dependence on only hydro and thermal 
plants to adopting pragmatic measures at harnessing resources for the integration of 
renewable energy into their grids. Renewable Energy is contributing only 13% in Togo, 
meanwhile, Delta Wind Company in Togo has signed an agreement of 25.2MW, which 
represents about 12.6% of the country’s installed capacity yet to be delivered.  It should be 
noted that the Government of Togo in its development strategy SCAPE 2013-2017, is 
committed to promote the construction of solar power plant (5 MW) and wind turbines (12 
MW) in order to generate electricity. In DRC, the country has managed to increase its 
installed capacity by 15% within 10 years, but renewable energy is yet to be mentioned. 
Currently, Nigeria is in crises because of the power shortage. The integration of smart grid 
technology and renewable energy into the Nigerian electricity grid system remains the only 
solution to the electricity crisis in the country. Renewable energy only accounts for about 
11% of Nigeria’s installed capacity. The North African zone (Egypt, Morocco, and Tunisia) 
is endowed with widely diversified renewable resources: biogenic, hydrothermal, 
geothermal, marine, wind, and solar. Ghana´s information on RE policy is very little in 
literature.  
 
2.2.0. Section II. Ghana Energy in Perspective 
2.2.1. Overview of Energy Situation in Ghana 
Electrical energy in recent times is the engine for economic progression and enlargement 
for any society or country. With an estimated population of 28.4 million in 2018, Ghana is 
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gifted with plentiful energy resources spread throughout the country [80]. These include 
hydro, biomass, solar, wind and fossil fuels. Ghana’s energy is dominated by hydro centered 
energy sources contributing about 65% to the total energy intake [80, 81]. Ghana is one of 
the countries with lower levels of electrical power growth and lowest in per capita electricity 
intake of 72 kWh [82]. Above 26% of the country's population is still not linked with the 
national grid and in the same way about 74% of country’s population is not connected to 
stable and reliable source of energy. Presently, most of the electricity network in country is 
poorly maintained and the country experiences frequent power cuts and load shedding. The 
energy resource possibilities of the country can be estimated at 3000 MW of hydropower, 
1450 MW of thermal and about 1500 MW renewables. In Ghana’s Power Sector Investment 
Plan, it is estimated that an increasing asset of close to 9 billion US dollars required between 
2015 and 2030 to accommodate the increasing power demand and to achieve close to 
universal access to electricity supply. According to WPRA report in 2015, Ghana’s GDP 
drops annually between 3 to 7% due to insufficient and erratic electricity supply [82, 83]. 
 
2.2.2. Brief history of Energy trends in Ghana 
In 1957 when Ghana attained its independence, the motivation to embark on huge industrial 
developmental projects such as buildings, schools, roads, hospitals, and factories saw the 
need for a dependable and stable electricity supply [82, 83]. The formation of Volta River 
Authority (VRA) in 1061 was to help and construct the Akosombo dam. The entire 
construction of the dam was completed between a three-year period, 1962 and 1965 at a 
projected cost of $200 million [83] as the first of its kind in Ghana. 
 
Ghana’s industrialization programme started immediately after the building of the Akosombo 
and Kpong dams, thus growing the demand for power [81, 83]. The demand for electrical 
power peaked at 540 GWh in 1968 as shown in Fig. 2.6.  The installed capacity of the 
Akosombo dam increased to 3,321.23 GWh in 1972 after two additional generating units 
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were installed. Local power intake in Ghana improved drastically into nearly six fold because 
of massive industrialization program embarked on by the government. The installed capacity 
increased from 540 GWh in 1972 to 3927 GWh in 1976 representing about 10 % annual 
growth in Local power intake, but, fell from 3917 GWh in 1976 to 3429 GWh in 1978. The 
power dropped further to about 1151 GWh in 1984, according to the VRA Yearly Report 
from 1966 to 1991 due to financial challenges in the 1970 and 1980 as shown in Fig. 2.7. 
 
 
Figure 2. 6. Trends in energy generation, supply and demand from 1966 to 1990 [83] 
 
 
Figure 2. 7. Trends in energy consumption and supply from 1990 to 1999 [83] 
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Recurrent countrywide power outage since 1994 to date indicates that, the supply and the 
demand of electricity in Ghana is incongruous. Reports from 2013 – 2014 by WEFGC in its 
latest ranking of the quality and reliable energy supply placed Ghana in 114th position and 
scores 3.0 which is far below the mean average value of 4.5 for reliable and dependable 
energy supply [84]. 
 
Ghana started experiencing power crises as far back in 1984, the water levels of Akosombo 
and Kpong Dams reduced drastically because of severe drought that hit the country during 
that period. The growing cost of crude oil, inappropriate government policies, unprofessional 
conduct, corruption, negligence, and outmoded machines have become the main influential 
causes of the supply deficits [85]. Hydropower since 2013 contributes about 64% with 36% 
of thermal and renewables as presented in table 2.4. It shows the combination of hydro and 
thermal electricity generation in Ghana as well as renewables [86] from 2012 to 2014 and 
the first quarter of 2015. This period was described as Ghana’s dark period of the energy 
























Table 2. 4. Electricity generation, 2015 to 2018 [85] 
Generating 
station/plant 




2015 2016 2017 2015 2016 2017 2018 
Hydro Plants 
Akosombo 1020 1020 1020 960 900 800 924 
Kpong 160 160 160 140 140 110 140 
Bui 400 400 400 380 380 290 290 
Total Hydro 1580 1580 1580 1480 1420 1200 1354 
Thermal Plants 
TAPCO Plant 330 330 330 300 300 180 180 
TICO Plant 220 330 330 200 300 200 280 
TT1 Power 
Plant 
126 126 126 110 110 80 110 
TT2 Power 
Plant 
49.5 49.5 49.5 45 45 35 45 
MRP 80 80 80 40 76 36 60 
T3 Power 
Plant 
132 0 0 120 0 0 0 
Sunon-Asogli 
Power Plant 
200 380 380 180 340 300 280 
CEL Power 
Plant 
126 126 126 110 110 90 124 
Total Thermal 1263.5 1421.5 1421.5 1105 1181 921 1079 
Renewable Energy Technology 
Total Solar 2.5 2 2 22.5 21 21 9 
Grand Total 2946.0 3003.5 3003.5 2607.5 2722 2142 2442 
 
Only about 2,455.9 MW or 81.8% of the 3003.5 MW of total electricity capacity has been 
available recently due to challenges such as gas shortage and government’s inability to buy 
light crude oil as an alternate fuel [87]. This is because of continuous decreasing of water 
levels, which has affected the hydro power plants. The Bui hydro plant, for instance, has 
largely rarely been operating at about 30% of its connected capacity of 400MW since its 
inauguration in December 2013. Highest electricity demand in Ghana was approximately 
2,142 MW for 2014, Ghana’s maximum load ranged between 1,900 and 2,200 MW in  the 
years under review, this indication suggest the country’s reserve margin hovering between 
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10%  and 15% which is serious for the sector and must be improved for the system to be 
running smoothly [88].  
 
The entire electricity supplied in 2016 and 2017 were about 15,821 GWh, which is about 
879 MW per day as compared to a prediction of 18,113 GWh and 1,969 MW per day 
respectively for the years under review. With the actual amount of power supplied, hydro 
contributed only 967 MW representing about 34% of the entire capacity or 64% of hydro 
power while thermal sources comprises of  633 MW representing 21% of the entire capacity 
or 42% of entire thermal. This circumstance accounted for about 34% power supply 
shortfall in relation to the estimated power demand, which accordingly created the age long 
power rationing since 2013 to date. According to the EC [84], forecasts for 2017 specify a 
peripheral upsurge of power in the country. The forecasts again indicated, that, some of the 
generation stations/plants would maintain the same capacity as in 2016 [84]. Comparatively, 
slight increase of power generation capacity in 2016 is needed to keep the country away 
from under generation capacity. Wholesale Power Reliability Assessment report in 2012 
projected that, Ghana keeps dropping in annual GDP growth between 2 and 5% because 
of inadequate power generation [89, 90]. 
 
2.2.3. Historic and Demand of Power Situation  
Energy demands have been projected to rise from 15% to 20% for a three-year 
period. Accordingly, new power stations have been constructed to maintain the same 
percentage margins every year to sustain the growing expansion in country’s 
industrialization projects, institutional expansions, commercial growth, domestic power 
usage and other electricity requirements as the country grows and progresses in 




In spite of Ghana’s enormous hydropower possibilities, a projection of about 3000 MW, less 
than 17% is presently exploited [90]. Hydropower adds about 64% to Ghana’s energy source 
[91]. The installed capacity in Ghana currently is 2020 MW of hydropower with current 
maximum demand of about 3000MW. This has been increasing at an annual proportion of 
about 8% [92]. To achieve this progression in power demand, the country needs around 25 
MW of power generation annually [90]. Looking at the huge and rising gap between power 
supply and the growing demand in Ghana, significant hydroelectric expansion is the greatest 
efficient method for future planning. Bad weather condition in the dry season has reduced 
the capacity to only 153 MW from the hydro facilities in the country. It is likely that the 
generation capacity can still go down to 98 MW or 70 MW if the current trend continues [92]. 
  
The request for power during the peak periods are 356 MW and 446MW for mornings and 
the evenings respectively. Domestic users, who form the majority of power consumers in 
the country [93, 95], mainly cause the evening period. Present electricity deficiency has 
negatively affected many industries and other profitable sectors in the country. Power 
generation has been interrupted for the decades as a result, the GDP, which was expected 
to grow at 5.5% to 6.5% in 2015 and 6.5% to 8% 2016 respectively, were dropped to 4.0% 
to 4.5% respectively [94, 95].The industrial and domestic needs of power by the year 2025 
is projected to about 3,600 (MW) [96]. These projections could be achieved if Government 
could decide to collaborate with IPPs to invest in power generations and distributions [97 - 
99]. 
 
2.2.4. Current Power Deficit  
The entire installed capacity of power generation in Ghana together with the entire installed 
capacity from the Independent Power Producers (IPPs) is approximately 3,003.5 MW (Table 
2.4) with obtainable size of power fewer than 2,152 MW, but the installed capacity over 
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years keeps falling below 1,500 MW due to equipment challenges. With the use of rule of 
thumb, where 500 MW is for 500,000 people and the Ghanaian population is approximately 
28,000,000 [100], the country needs 14,000 MW for the Ghanaian people but with the 
current electricity generation of 3.003.5 MW, we can conclude that Ghana has an electricity 
shortfall of 24,996.5 MW [101]. Shockingly, Ghana is still increasing in population at an 
alarming rate of 6% - 8% annually. However, the country’s installed capacity remain the 
same [102] as compared to the other countries like South Africa with a bigger population 
size of approximately 52 million people and still generates over 46,000 MW of electrical 
power [152]. 
 
2.2.5. Causes of Current Power Deficit 
The main reasons liable for the current power supply deficit stated above are, due to the 
shortage of Gas supply for the thermal plants, since Nigeria, the main supplier, is not willing 
to provide, due to the accumulation of debt owed to the Gas company in Nigeria and the low 
level of power supply from Akosombo, Kpong and Bui dams due to low water level, has 
worsened energy condition in the country since November 2013 to date [84, 102].  
 
2.2.6. Energy Generation Capacity  
The entire installed capacity as reviewed previously in 2016 hovering around 3,003.5 MW. 
Nonetheless, the obtainable power as of April 2018 was 2442 MW (table 2.4). Four out of 
the main eleven power stations are all above 25 years. The future projections for power 
generation is not working, the present state of electrical power in Ghana poses many 
challenges for the country [101].  Inadequate generation accessibility, our inability to 
maintain facilities on time, inadequate financial support, outdated equipment and lack of 
funding to tap all energy from the available resources are all factors affecting the power 
generation in Ghana now [83, 102]. The following companies are providers of Ghana’s 
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energy, VRA, BPA and IPPs. The biggest among them is VRA, which produces 74% of the 
total capacity. BPA and IPPs produce 14 and 12% respectively [97].  
 
2.2.7. Power Transmission System in Ghana 
The power transmission system in Ghana is managed by Ghana Grid Company (GRIDCo). 
The main challenges facing transmission systems comprise of inadequate funding by the 
Central Government, its present maximum wheeling power capacity is 2,205 MW [104]. The 
lines are associated with low level of surveillance and protection of all electrical 
infrastructure, technologies available at the moment, deliver very poor voltage stability and 
profiles. There is a high occurrence of insufficient working tools and cars for working and 
the maintenance of the network [82]. There is a serious absence of the needed modern tools 
and technologies for communication and monitoring, almost all transformers in the country 
now are overloaded and insufficient spare parts for crucial maintenance [83, 84]. 
 
2.2.8. Distribution System 
According to EC’s report in December 2016, Ghana’s networks for power distribution are 
very meagre, improper billing process as well as poor voltage profiles [84]. Some other 
challenges threatening the distribution systems in Ghana are, overloaded transformers, 
weak and insufficient network coverage, and bad feeder pillars, inferior distribution lines and 
poor billing system [84]. 
 
2.2.9. Existing Generation System  
Hydro and thermal are the two main sources of Grid power production in Ghana. The total 
installed capacity as at April 2017 was 3,003.5 MW with a stable generation of 2587 MW. 
Hydro dams produces 1580 MW representing 55.4% of the total installed capacity. 1248 
MW representing 43.8% was generated from the Thermal plants and as low as 2.5 MW 
representing 0.09% of the installed capacity was generated from solar plant. Apart from Bui 
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dam, which is operated by BPA. VRA is the main operator of all the other plants in Ghana. 
The private entities are Cenit Energy Limited (CEL) and Sunon-Asogli with about 11.6% 
energy contribution to the national grid [104].  
 
2.2.10. Overview of Grid Power Supply in 2017  
Ghana recorded about 3,775 MW in 2017 and that was about 19% increase over the 
previous years. Comparatively, 19% growth as against 12% between 2014 and 2016 was 
the country’s greatest achievement so far. Table 2.5 presents detailed generation capacity 







































Hydro Power Plant 
Akosombo  Hydro 1020  1000 460 3853  
Kpong  Hydro 400  360 345 944  
Bui  Hydro 160  148 105 763  
Sub-Total 1580 42.90 1508 910 5560 42.84 
Thermal Power Plant 
Takoradi Power 
Company (TAPCO) 
Oil/NG 330  300 185 1192  
Takoradi Inter. 
Company (TICO) 
Oil/NG 340  320 240 1903  
Asogli Power Plant 
(SAPP1) 
NG 200  180 180 373  
Asogli Power Plant  
(SAPP2) 
NG 180  170 0 0  
Kpone Thermal 
Power Plant (KTPP) 
Oil/NG 220  200 200 199  
Tema Thermal 
Plant1 (TT1P) 
Oil/NG 126  100 100 178  
Tema Thermal 
Plant2 (TT2P) 
Oil/NG 50  30 30 26  
CENIT Energy Ltd 
(CEL) 
Oil/NG 126  100 100 418  
Mines Reserve Plant 
(MRP) 
Oil/NG 80  30 30 30  
AMERI NG 250  230 230 1204  
Karpower Oil/NG 225  220 220 2855  
Trojan* Diesel/ 
NG 
25  22 12 39  
Genser* Coal/ 
LPG 
20  18 0 0  
Sub-Total 2172 57.5 1985 1527 7999 56.94 
Renewable Energy 
VRA Solar Solar 2.5  15 1 2.5  
BXC Solar Solar 20  10 9.5 26.3  
Safisana Biogas Biogas 0.1  0.1 0.5 0  
Sub-Total 22.6 0.6 11.6 11 28.8 0.22 
Grand Total 3,774.6  3,306.6 2,448 12,9 78 
(* = Sub-transmission, EC = Energy Commission and NG = Natural Gas) 
 
The main fuel for powering the thermal plants are diesel, natural gas and crude oil. Natural 
gas is more preferable to diesel and crude oil due to affordability. Unavailability of adequate 
36 
 
supply of natural for the running of thermal power plants are the main challenges facing the 
sector These plants contribute 26% of energy into the national grid [83]. 
 
2.2.11. Updates on RES in Ghana  
Government of Ghana in an attempt to increase the contribution of the Renewable Energy 
has issued provisional licence to about 90 prospective private power companies to produce 
5,000 MW of renewable energy from the renewable energy resources available in Ghana in 
March 2017 [95]. Sixty (60) of the companies were issued licenced to explore solar 
photovoltaic generation energy capacity in Ghana and 25 companies were licenced to 
produce solar energy of 3000 MW capacity of energy supply. Three (3) companies were 
licenced to provide solar PV construction projects. Construction permits were issued to four 
(4) companies to produce 225 MW of wind energy. Meanwhile, the Energy Ministry in 
consultation with the Energy Commission has commenced the implementation of PV rooftop 
programme in 2016 in some selected Government Institutions. The objective of PV rooftop 
programme is to produce maximum of 200 MW load respite on the national grid through 
solar PV technology as a medium term programme [84, 95]. 
 
 
To achieve the national goal of affordable access to promote socioeconomic progress 
through Productive Use of Energy (PUE) by 2020, the second phase of the solar PV rooftop 
programme targeted for off-grid communities on pilot bases was implemented in June 2017. 
200 rural communities were piloted with 500W capacity each in 16 off-grid rural communities 
in Mpraeso and Abetifi in the eastern part of Ghana [95]. Council for Technical and 
Vocational Education and Training (COTVET) secured a partial funding from Skills 
Development Fund for training 250 Technicians on solar designing, installation and 
maintenance. However, the COTVET programme has been put on hold by the ECG for 
alleged fear revenue generation reduction. ECG for alleged fear revenue generation 
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reduction has put the COTVET programme on hold. Energy Commission and PURC are 
currently resolving this challenge [95, 96]. 
 
2.2.12. Renewable Energy Act in Ghana 
Act 832 was enacted in 2011 to offer proper and efficient use, expansion, running, and 
acceptable RE supply for the country [103]. Its main objective is to increase renewable 
energy contribution from less than 1% to 10% by the year 2020 for a reliable and sustainable 
electricity supply for the national grid [84]. Ghana is among the top African countries with 
considerable RE potentials. With the right strategies, Ghana can address its electricity 
challenges through RES [103]. A number of researchers have examined RE growth in 
Ghana. Adaramola et al [99] and Adom et al. [101] paid attention on various resources 
needed to improve safety and security of electricity supply. Other authors also focused on 
single resource possibilities with municipal solid waste in [130], solar PV in [89], wind in [99], 
biogas in [92] and agricultural biomass in [108]. Adom et al. in [101] examined the effects of 
RE integration on electricity rating. Policy framework to support RE expansion has been 
examined in [100] for biofuels and for solar PV. RE expansion and deployment, need 
periodic assessment to examine if energy policies have achieved its stated objectives [99]. 
The outcomes show that, both Private and State policies sector involvement has been 
influential in endorsing progress of the installed capacity of RE supply [104]. 
 
2.2.13. Solar Energy Resource in Ghana  
Ghana is located between 4º44’N and 11º11’ latitudes and 3º15’ and 1º12’ longitudes. The 
land area is about 238,539 km2 with tropical weather, this weather is experienced in every 
part of the country. The country is endowed with an abundant solar resources. These 
resources are mostly found in these areas: Navrongo in the northern part of Ghana, Kumasi 
in the middle part of Ghana and Takoradi in the southern part of Ghana as shown in Figure 
2.8. Conversion of sun energy into electrical energy has gradually become a major 
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renewable energy source in world now and many countries are tapping into solar energy to 
replace thermal and hydro power [99, 107].   
 
Ghana is blessed with solar irradiation across the country. The daily sunshine is measured 
between 3.92 and 6.11 kWh/m2. The duration of the yearly sun shine is estimated between 
1800 and 3000 hours, which can generate up to about 9.8 PWh [99]. This clearly shows 
that, the radiation level in Ghana currently is enough to generate energy more than the 
present energy needs in the country. Figure 2.8 shows potentials of solar energy resources 
at some selected locations in Ghana. 
   
 
Figure 2. 8. Potential of solar energy resources at some selected location in Ghana [99] 
 
2.2.14. Wind Energy Resources in Ghana  
Wind energy is increasingly now one of the fasted renewable energy in the world [99]. 
Ghana is potentially positioned with these natural resources, but the country is yet to benefit 
from it. The average wind speed of about 10km from the coastline is estimated at 5.5m/s at 
an average height of 50m [107, 99]. According to a survey conducted by National 
Aeronautics and Space Administration (NASA), Navrongo, Kumasi and Takoradi are the 
three sites in Ghana with the highest average wind speed, which the country can generate 
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wind power from, as shown in Figure 2.9. However, due to the technical knowhow, Ghana 




Figure 2.9. Selected sites for Wind Potential [99] 
 
2.2.15. Operational Structure of Ghana Power System 
Ghana’s power sector before 1990s was entirely managed by Volta River Authority (VRA) 
for generation and transmission of electrical power to all regions of the country [83]. 
Electricity Company of Ghana (ECG) and Northern Electricity Department (NED) were 
responsible for distribution of power in Southern and Northern sectors of the country 
respectively. Generation and distribution of power were divided in late 1990s to allow 
Independent Power Producers (IPP) to enter the market. [82, 83] identified energy supply 
challenges regarding increasing energy demand and the  problems related for securing 
monetary support from the World Bank as main financier for the energy reforms in Ghana. 
Figure 2.10 shows details of major stakeholders in Ghana power sector, including policy 
makers, implementation, regulatory bodies, generation, transmission, distribution, 




Figure 2. 10. Major Stakeholders of Ghana Energy Sector [84] 
 
2.2.16. Energy Supply Nexus Energy Demand in Ghana from 2006 to 2016  
The growth of Ghana’s peak load has seen 49.8% over last 10 years from 1,393 MW to 
2,087 MW in 2006 and 2016 respectively, according to Energy Commission and VRA 
reports in 2015 and 2017 respectively. The results are clear indication of 4.29% increase in 
peak load as indicated in Figure 2.11. The capacity of energy generation has doubled in the 
same period from 1,730 MW to 3,759 MW in 2006 and 2016 respectively. This is an increase 
of 8.60% annually. Additionally, the energy generation capacity in Ghana in 2015 saw in 
increase of 29.14% as compared to that of 2014 of 2,831 MW. In 2016, an increase of 3.79% 
were recorded but the energy demand saw a decrease of 1.88% in 2015. However, 2016 
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recorded a huge increase of 7.97% in generation capacity. The country is still experiencing  
the shortage of power supply in spite of the said increase in energy generation over the last 
10 years. Figure 2.11 indicates the pattern of energy consumption in Ghana for the periods 
of 2006 to 2016 [88, 90]. 
 
 
Figure 2. 11. Energy supply continuum [90] 
 
 
The gross energy consumption however, reduced from 9,059 GWh to 7.143 in 2006 and 
2016 respectively, before increasing steadily in an average annual growth of 10.8% to 2014. 
This growth however, reduced in 2015 and rose again to 15% in 2016 as indicated in Figure 
2.11 [104]. Energy consumption in Ghana according to Energy Commission are classified 
into residential, industrial, non-residential and street lighting. Industrial consumers such as 
mining companies, VALCO other manufacturing and production facilities are mostly referred 
to as Special Load Tariff (SLT) in Ghana. Industries, sometimes referred to SLT consumers 
are those who use electricity for industrial purposes including VALCO, the mining companies 
and other production and manufacturing facilities [104]. The trend in energy consumption 
as indicated in Figure 2.11 shows that, the last 10 years have seen the residential, industrial 
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and non-residential sectors emerge as top consumers in Ghana. The electricity consumption 
trend shown in Figure 2.11 indicates that, the past decade has seen the industrial sector, 
the residential sector, and non-residential sector emerge as the three top consumers of the 
electricity in the country, whilst street lighting and energy export are considered as the least 
consumption of electricity in Ghana. The amount of energy Ghana loses in distribution and 
transmission is higher than energy consumed in the non-residential sector. An average of 
21.9% energy generated is lost in transmission and distribution annually due to lack of smart 
grid technology in Ghana [9]. Ghana is yet to harness Biogas and Municipal Solid Waste 
energies according to [107, 97]  
 
2.2.17. Regulatory and Monitory  
The Ministries of Energy and Power regulate and monitors the progress or otherwise, of 
Ghana’s Energy Sector. They formulate and implement all policies in the sector [84]. In 
1997, an Energy Commission (EC) was established through Act 541 of parliament to advice 
the government on energy polices. The core mandate of the EC is to manage the usage of 
the energy resources [104]. The EC is also responsible for licences of independent bodies 
to provide energy and to enforce performance standards [104]. In 2011, the renewable 
energy act was promulgated (Act 832) to allow the EC to increase the installed capacity of 
energy through renewable energy sources [103]. For effective monitory and regulations, 
Public Utility Regulatory Commission (PURC) was established under the act of parliament 
(Act 538) in 1997 as an independent body to provide guidelines for the utility charges for 
both domestic and commercial [90]. 
 
2.2.18. Summary 
Ghana energy sector has suffered many setbacks in the recent years. Over 32% of the 
country’s population is not connected to the national grid and about 63% cannot experience 
reliable power. The installed capacity as at April, 2017 was hovering around 3,003.5 MW 
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but the power available was 2,152 MW, representing about 63% of the county’s energy 
needs, according to the statistics shown in the study. Ghana has many renewable energy 
possibilities, but the country still gives much premium to hydro and thermal power. For 
Ghana to meet its energy needs, frantic efforts have to be employed to harness the 
renewable energy potentials in the country. The country also needs to adopt the use of 
modern renewable energy sources technologies, to increase its renewable energy capacity 
from the present 9 MW to about 150 MW. This target should be supported with vigorous 
training programmes in modern energy skills and sufficient funding. 
 
2.3.0. Section III. Energy Planning Tools and Applications 
2.3.1. Methodologies for Energy Planning Framework 
  
LEAP, which was initially developed for fuelwood project in Kenya for Beijar Institute [108, 
109], is one of the leading softwares for integrated energy planning. Currently, the software 
is used by many people in many countries [110, 111] due to its varied nature in energy 
planning forecasts [112, 113]. This concept started by Gaston Berger and French 
Philosopher for long term energy planning [114] as a guide for future energy forecast [115, 
116]. The concept was enhanced by Micheal Godet from 1974 to 1979 as head of Future 
Studies Department in France [120]. This methodology was later extended to Nationale des 
Arts Metier through the Defence Ministry of France [117]. Currently, the LEAD methodology 
is applied in many areas in field of Regional Planning, Urbanisation and Educational Training 
[117]. Other methodologies for energy planning such as Intuition Logic and PMT are mostly 
applied in global perspective [118]. 
 
2.3.2. Energy Planning Using Scenarios 
Hermam Khan was the first person to introduce scenarios in strategic planning in the 1950s 
[119]. It was initially applied in military education. Kahn and Wiener applied scenarios to 
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determine the results of nuclear explosions. Godet and Durance also applied the method to 
determine the strategy adopted by the opposing side in war [120]. Scenarios as applied in 
Energy planning was inspired by Pillkahn [121] for his Soft Energy Path (SEP) development 
in the early 1060s. The current energy planning situations with national consideration 
include: Perspective of Energy Technology, Greenpeace’s Energy Revolution, International 
Energy Outlook and World Energy Outlook [122, 123].  Scenarios are hired at the national 
level to measure energy alternative pathways, the leading countries using scenarios are 
USA, Korea, Panama and Venezuela [124]. Recently, it was used for green valuation of 
energy production in Tehran’s landfill gas plants [125]. Almost all energy scenarios lessons 
were focused in France and United States of America. [116]. 
 
In the 1960s the intuition logics methodology was projected by Herman Kahn [120] in his 
study. This method is considered as  the most practical method for energy planning literature 
[176], other methods related to this are (those coined by) Van der Heijden and Schwartz 
[116]. Now most intuitions no longer rely on mathematical algorithms method [116]. The 
method is similar to SRI international methodology [117].  Park and Yun RAND cooperation 
was also developed using scenarios [118]. 
  
2.3.3. Other Energy Planning Related Tools 
The field of energy planning and future energy forecast are very broad in terms of choosing 
an appropriate computer tool for the analysis [126]. Owing to the multiplicity and complexity 
in the energy field, many computer softwares have been developed since the 1970s for data 
analysis. Many researchers [126, 133] have studied energy planning tools with the following 
findings: Wood and Hoffman [122] revealed that, proper integration could be achieved by 
introducing hybrid-integrated system together with enhanced modelling systems. 
Charpentier and Beaujean [127] identified about 144 international models in various 
categories ranging from purpose, scope, methodology and performance. Voss and Rath-
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Nagel [124] made a comparative study on various computer tools and suggested suitable 
ones for the developing countries.  Three computer tools were identified by Urban et al [128] 
which include LEAP, MESSAGE and TIME/MARKAR as most suitable tools for developing 
countries like Ghana. The criteria for chosing these tools were, popularity, usage, suitability 
and broadly cited in literature [129, 130]. Table 2.6 shows a comparison of most widely used 
computer tools for developing countries. 
 
Table 2. 6. Summary of computer tools commonly used [130] 
No. Energy Planning 
Tools 
Tool 
 TIME/MARKAR MESSAGE LEAP 















International and  
Global  Coverage 
Global, National and 
Local  
4. Skills, Technology 
and coverage 
Extensive Extensive Menu of Options 
5. Documentations Good Good Extensive 
6. Urban and Rural 
Divides 
Direct and Indirect 
Modelled 
Direct and Indirect 
Modelled 




Very Extensive Very Extensive Very Extensive with 
limited Data 
8. Skills Requirement Very High High Limited 
9. Economic 
Transition 
Covered Not Explicitly Covered Through 
Scenarios 
10. Costs Commercials Permitted for 
Academic Purposes 
Permitted for Students 
and Developing Countries 
 
From Table 2.6, the functions of the three selected tools such as energy planning, climate 
analysis and economic are all in line with the objectives of this study. TIMES and LEAP are 
applicable for energy sector but MESSAGE is purposely designed for supply sector [131, 
132]. However, LEAP performs both functions including optimisation and simulation. TIMES 
and MESSAGE may not be suitable for developing countries due to lack of consistent data 
[133, 134, 135]. The situation in Ghana per the data available makes LEAP model more 
suitable for this study.   
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2.3.4. Government’s Practical Approach on RES integration in Ghana 
The demand for electrical energy is far outstripping supply, especially in the agricultural 
sector and it is becoming increasingly difficult to meet this exponential growth in demand 
[101]. With a PV water pumping system, energy is not accessible on request, and the 
everyday variation in PV power generation requires the storing of the excess of water 
pumped on sunny days for cloudy day’s use [101]. The use of PV water pumping system as 
a technology has been in existence since 1970’s [136].  
 
Each and any of the components used in those days were not reliable, though very 
expensive. The systems design was too complex to the understanding of the rural folks. A 
number of designs in those days were examples financed by development partners. 
Providers of those prototype designs were mostly operating at the background and mostly 
passive. Now the condition is completely different, big firms and businessmen have taken 
over. PV energy generation is an effective method for energy usage [102]. PV panels are 
now widely used for various applications in both domestic and industrial alike, mostly for 
powering streetlights, water heaters and other domestic loads [102]. The price of PV panels 
is continually reducing, which inspires many companies and agencies to patronise its usage 
[103]. 
 
The prices of PV panels have fallen since 1970s from US$40 per peak watt to US$10 in late 
1990s [137] and the situation now has further improved considerably. The prices keep 
dropping and as at 2013 per peak watt were sold around US$5.00 [138]. The situation now 
looks like, increasingly and authoritatively improving, as the price keeps dropping. Despite 
misrepresentations announced by the exchange rate variations, the prices still have been 
reducing to less than US$1.00 per peak watt currently [139]. An irrigation system for farming 
in rural areas is one of the major users of solar energy system [140]. Ghana is currently in 
a state of energy crises, so the application of PV powered irrigation system can be 
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appropriate alternative for the peasants. This is the green way for energy production, which 
offers free energy once an initial investment is made [141]. 
 
The water pumping machines also have seen positive developments in terms of technology, 
particularly electric motors, submersible motors and their related controls with higher 
efficiency [142]. Conventionally, universal single phase motors and sometimes three phase 
synchronous motors were available, currently brushless DC (BLDC) motors inverter drive 
systems powered by Digital Signal Processing (DSP) hardware [143] and software 
algorithms. For water pump application, the BLDC motors is more suitable than others [145].  
 
2.3.5. Applications of RES Integration  
According to Moussi, Saadi, Betka & Asher [139] good depth PV systems are described to 
the hands-on issues based for the PV panel system. Maximum Power Point Tracking 
(MPPT) is mostly used to achieve the best energy from PV panel during changing weather 
(e.g. low irradiation or depth of discharge) and maximum load situations, starting from the 
simple projects to difficult ones [140, 141]. It is also important to note that, the system needs 
to be sharped out to intricate composite control systems that possibly will affect the system 
cost and the total maintenance, which needs to be considered before actual operation [141]. 
But Loba and Salim [142] also are of the view that, in a case for sunshiny areas, most of the 
explanations meant for needful multifaceted MPPT control systems, such as low irradiation 
system may not be applied. 
 
The orientation and the control of the solar panels are also part of the key areas. It has 
become normal practice for many manufacturers to offer PV statistics based performance 
regularly below standard test conditions to attain all-out performance from PV panels [143, 
144]. Most authors have come up with other factors that need to be considered to achieve 
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optimum performance of the solar panels, and they are as follows: the direction of wind 
[150], the speed of the Wind [148], Moisture [149], and incline angles [150].  
 
Others are of the view that, at the final stage, all the factors listed above, also have the 
consequences on the output power of the PV panel [145]. If the consequences were to be 
considered and rectified, a single control algorithm may not be sufficient to address it [146]. 
The acceptable outputs of voltage and current can be detected with the help of MPPT 
controller and to increase the PV performance [141]. A single controller may be required for 
correcting the incline angles according to Lim and Hamill [150]. A study by Arora [151] on 
World’s Highest Off-grid Solar PV Potential in India Search and Penetrate emphasized that 
those alterations have some encouraging effect on the PV output power of the system. 
 
2.3.6. Summary 
Different types of energy framework such as analytical and intuitive approaches normally 
produce complex frameworks in energy planning. The context of the study decides a 
particular type to be adopted. There are advantages and limitations of each approach but 
energy planning diversity gives room for flexible approach for the futurist. The analysis made 
on the various methods suggested hybrid method for this study. Hybrid method uses 
analytical and intuitive approaches. The study emphasised on solar and wind energies due 




2.4.0. Section IV. A Review of Similar IEP Frameworks  
2.4.1. IEP Framework of South African Republic from 2015 - 2050  
The Integrated Energy Planning (IEP) is the overall energy plan of action for electrical 
power, gas and liquid fuels; Integrated Resource Planning (IRP) on the other hand gives an 
elaborate strategy for energy required. The two bodies are responsible for the energy 
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demand forecasts for a certain period and provide an alternative means of how those 
demands can be supplied [152]. The IEP comprises four dissimilar scenarios that resulted 
in different stages of energy demand, however, IRP uses the Council for Scientific and 
Industrial Research (CSIR) electricity demand projections [153]. In November 22, 2016, the 
South African Cabinet approved and promulgated the final policy developed by the IRP, 
thereby giving it legal backing for the energy ministry to decide the required capacity to be 
added into the grid system. [154].   
 
The survival of every economy and individual livelihoods are contingent on energy sectors.  
Therefore an efficient and sustainable energy planning framework are needed to ensure 
that current and future energy requirements are met. [155]. A dearth of the IEP for energy 
sector of the nation can lead to under investment in the desired energy infrastructure. The 
main objectives and purpose of the IEP are clearly stated in SA Act No. 34 of 2008 on 
energy [156]. The IEP also is a complex lasting energy plan with many aims. It is therefore 
imperative to develop a workable mechanism for energy policy makers to measure and 
provide answers to the challenges energy sector may encounter [157]. 
 
The IEP includes exhaustive investigation into the gains as well as inadequacies of 
assimilated relations by optimising the entire energy scheme [158]. The IEP is therefore not 
only to determine that, the required energy is supplied, it is also to ensure that the cross-
sectorial influences are investigated and dealt with methodically. The possible new 
discoveries of Mozambique and Karoo natural and shale gas respectively are all possible 
threats to the energy sector, which requires serious attention on the use of additional energy 
sources, maintainable and effective use of the renewables [159]. Accordingly, it is 
indispensable to consider broader objectives of the country into thought and outside 
influences that typify the sector in energy planning process [160]. This paper therefore 
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reviews the entire IEP framework and proposes future direction with specific interest in the 
renewables. 
 
2.4.2. Panorama of the Energy Planning 
IEP reflects the steadiness of national energy demand and supply and suggests other plans 
for capacity development according to the varying sets of expectations and constraints. 
Taking into consideration a brief discussions on the infrastructural matters. The IEP does 
not overtly deliberate solely on supply and demand at precise topographical sites in the 
country, or considering the infrastructural bottlenecks at specific sites, but is rather gives in 
details, electricity transmission and distribution for IRP to assess them, regarding grid 
planning which is now control by Eskom [163]. The IEP among other things also considers 
Liquid fuels and roadmap of fuel infrastructure that covers logistical substances connecting 
to pipelines and storage amenities for the petroleum products. Other areas covered by the 
IEP is the Gas Utilisation Master Plan (GUMP), it checks the bottlenecks and volume, and 
restraints of the natural gas structures. All the aforementioned were considered in the IEP 
to allow general progress via sporadic iterations to guarantee alignments [161, 162]. 
 
2.4.3. The Scope the IEP 
The drawing of IEP framework considered every energy transporters, every technological 
possibilities and every important national energy policy necessities and suggests an 
alternative policy recommendations of the energy mix [164]. To ensure the attainment of the 
energy sector objectives in optimum manner, the Figure 2.12 below indicates the scope of 

























Figure 2. 12.  The scope of the IEP [165] 
 
2.4.4. The IEP key objectives, scenarios and assumptions  
i. Objectives 
The development of the IEP started with a comprehensive reviews of the previous policies 
such as National Development Plan (NDP), the New Growth Plan (NGP), the National 
Transport Master Plan (NTMP), the Climate Change Response Policy and the carbon Tax 
Proposals. All these overarching national policies were reviewed thoroughly and put 
together to form the IEP as a single document to provide a roadmap of the future energy 
sector landscape for South Africa. Eight key objectives were identified in the IET, these 
include the assurance of the energy security, affordable energy supply, diversification of 
energy sources, regular access of energy, CO2 emission reduction, energy efficiency 
improvement, localisation and job creation, conservation of water resources and technology 
transfer as indicated in Figure 2.13 [165]. 
1. Nuclear Fuels              3. Renewables 
2. Fossil Fuels  
 
1. Power Generation     3. Fuel Processing 
2. Regasification 
1. Electricity        3. Heat 
2. Refined Petroleum Products 
1. Industries  4. Commerce 
2. Households  5. Agriculture 
3. Transport 
1. Industrial Sector 4. Commercial Sector 
2. Residential Sector 5. Agricultural Sector 















Figure 2. 13. Eight key IEP objectives [165] 
 
 
The eight main goals in the IEP framework are expanded below with the brief description of 






















Table 2. 7: Eight key IEP objectives and descriptions [165, 166] 
Objective Description 
To Ensure Energy 
Security 
The IEP’s first objective was to make sure sufficient, maintainable and 
dependable forms of energy for the consumers are provided. A 
sufficient backup margin of about 19% for the power generation 
should be adopted for South Africa energy sector. 
To Minimise cost of 
energy 
This is to ensure that an affordable energy supply for the citizenry are 
provided. IEP also is expected to highlight and detect both energy 
supply and demand for various industries are supplied at a reduced 
rate.  
To Promote job 
creation and 
localisation 
Job creation and localisation were also part of the IEP development, 
as direct and indirect consequence of the implementation process. 
 
To Minimise CO2 
emissions 
The IEP is to ensure pollution free environment as enshrined in the 
Air Quality act and the national environment act in the country 
Minimise water 
consumption 
The IEP further places of interest in the projected water usage related 
to the various technological choices. Taking into account of the dry-
cooled power plant functioning well to reduce water consumption by 
the Department of Water Affairs. 
Diversification of 
energy sources 
The IEP is to make sure that, proper cost and benefits analysis are 
done on the all available energy resource for diversification and also 
to suggest a suitable type of energy including alternative and 
traditional sources of energy. 
To Improve energy 
efficiency 
The IEP is to discover more choices of technology that can be 
followed to attain the 2013 targets set by the National Energy Efficacy 
Strategy to ensure energy efficiency improvement in the economy. 




The IEP pursues to discover more alternatives guidelines to track and 
to address some of the challenges which were identified in a number 
of strategies and programmes meant at increasing access to modern 
forms of energy. 
 
ii. Scenarios 
Four scenarios were created by the IEP to identify possible future energy generation for 
South Africa in critical sectors of the economy [167, 168, 171]:  
 To assume the implementation of the existing policies and to make sure the country 
benefits from it financially. 
 Constraint of resources were identified as a result of high prices of the fossil fuel used 
for  generation  
 The country will pay more for externality cost coupled with constricted emission 
restriction in order to create an environmental awareness. 
 The NDP can only be implemented for high economic growth by shifting from primary 




The IEP considers the rate of the GDP growth as very essential when future energy 
demands are calculated for economic assumptions. The IEP assumptions on 
microeconomics are seen in the upper part of Table 2.8a [165]. Here, the figures are 
obtained from the recent National treasury estimates of in-house growth data. While the 
figures at the bottom line of the table were obtained from the November 2016 presentation 
made by the treasury [168, 165]. 
 
Table 2.8a. GDP growth and projections [168] 
 Short term Medium term Long term 
2014 2015 2016 2017 2018 - 2022 2023-2050 

































Table 2. 8b: GDP growth projection and actual growth [168] 
 Short term Medium term Long term 
2014 2015 2016 2017 2018-2022 2023-2050 
Low growth  1.5 1.8 2.3 2.5 2.8 3.0 
Moderate 
growth  
1.8 2.7 3.2 3.5 3.7 4.2 
High growth  2.0 3.3 3.7 4.0 4.9 5.5 
Actual growth  1.6 1.3 0.5    
 
2.4.5. IEA Energy Statistics on CO2 Emissions 
The IEA (International Energy Agency) statistics provided carbon dioxide emissions figures 
for most African nations, the utmost dependable current relative accessible figures. The 
2014 IEA figures for  selected countries have been compiled in [169, 170] to offer a 
viewpoint, with Gross Domestic Product (GDP) attuned for acquiring power equality, which 
is also used for the emissions intensity figures in the final column in kg, CO2  per US$-2010: 
[171]. Utmost sources and resources put South Africa’s CO2 emissions between 1.1% and 
1.2 % of the global total, although our portion of Africa’s CO2 emissions has waned from 
about 50% to about 40% since the turn of the century, for less than 5% of the population 
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[165]. The most indicator is pertained to insights of the country by the rest of the continent 
is the emissions strength of the economy, which is one of the uppermost in the world and 
evidently displays possible decrease [171]. 
 
2.4.6. Overview of the energy sector 
South Africa placed 83rd position on the Energy Sustainability Index from 129 countries who 
were sampled for the survey conducted in 2014 by the World Energy Council. This was 
contributed by its 42nd rankings on the security of the energy supply, an enhancement on 
the preceding year’s 85th ranking of the energy equity and 129th position in terms of 
ecological effect extenuation. This is the lowermost score recorded in the last three years. 
The two places drop was typically driven because of the continuous poor performance on 
the ecological sustainable measurement and energy equity drop, according to the report 
[172]. The poor performance in ecological sustainability is as a result of the electricity 
sector’s heavy dependence on coal-fired energy [171]. 
 
2.4.7. Primary energy supply  
The supply of South Africans energy is dominated by coal, which represents about 70% of 
the total installed capacity; crude oil contributes about 22%. Natural gas, renewable energy 
and Nuclear power, including biomass and hydro contribute only 9% of the installed capacity 
[173, 174] as indicated in Figure 2.14. A further check in [175] discloses that coal contributes 
about 90% of power generated, 5% of nuclear and 4.5% hydro in that order. Natural gas, 
Petroleum diesel and other RES such as biomass, wind, solar, bagasse and landfill gas 




Figure 2. 14. Total primary energy supply in 2016 in South Africa [175] 
 
2.4.8. Key policy issues  
The major challenges facing the South African energy sector such as energy security 
assurance, CO2 emission reduction and energy efficiency enhancement in the economy can 
never be resolved by market activity alone [176]. For proper delivery of service to the public, 
government intervention in some cases through policies and directives are needed to attain 
certain policy goals [177]. 
 
However, several policies of government have in one way or another, serious impact on the 
energy sector. Some strategies have more considerable effect on energy strategies that 
ought to be technologically advanced. Another important element that was identified through 
the IEP process was to safeguard alignment and recognise collaborations made among 
other government’s strategies [165,178]. This section also recognises some of the important 
strategy subjects that have been well-thought-out in the IEP process as indicated in Figure 





Figure 2. 15. The IEP and sector plan [165] 
 
2.4.9. Demand and Supply Energy Forecast and Analysis 
i. Demand 
To ensure energy security is the first aim of the IEP framework. This is to make sure that, 
South Africa is not short of energy demand within the period [179]. To achieve this target, 
broader consultations were made between the energy and the economic sectors, such as 
commerce, transport, industry, agriculture and residential [165]. Each sector was mandated 
to provide the policy planners a breakdown of energy consumed in 2010 on cooling, heating 
and pumping. Energy usage on petrol, electricity, gas and coal were also demanded. They 
also collected figures on energy used from 1993 to 2010 as well as projected figures from 
2010 to 2050 [165]. Energy projection up to 2050 for all sectors were presented as shown 
in Figure 2.16. It may be exaggerated figures because they were assumed from the 
moderate economic growth as indicated in Table 2.9. The green shoot scenarios were 
exempted. In their estimations, energy demands rise more steadily in all scenarios with time 





Figure 2. 16. Total energy demand for all sectors [165]. 
 
 
The numbers showed in Table 2.9 indicate a bit increase in projected demands from 2010 
to 2050. The outcome of the most parts of the environmental awareness are identical with 
the constraint of the resources available. This is as a result of ecological internalised cost of 
model treats moving in the same level of increase in price treats regardless of the benefits 
gained from the reduced pollution. Table 2.9 further shows that, the IEP planners were only 
interested in the three scenarios, this is what we termed as RC/EA scenarios [165, 180]. 
 
Table 2. 9: Comparison of 2010 and 2050 Energy Demands [180] 
 Base Case Green Shoots RC/EA 
 2010(MW) 2050(MW) % 2050(MW) % 2050(MW) % 
Total  2850 8100  284 4050  142 5500  192 
Industry  1200 4550  379 1350  112 2500  208 
Commerce  200  850 425  800 400  800 400 
Agriculture  95  155 163 145  153 150  157 
Residential  375  480 128  300 80 345  92 
Transport  800  1750 218  1350 168  1450 181 
 
ii. Supply 
The IEP’s liquid fuel and electricity options for model supply after demand projections in 
each scenario is to install new plants to replace the old ones in the power sector to increase 
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energy supply. The new process is expected to yield a considerable growth in energy 
generation capacity from about 50 GW from the base case to 165 GW between the period 
of 2015 and 2050. However, 120 GW will record in RC and EA with green shoots value of 
85 GW. By 2030, all scenarios are expected to sharply increase by 70 GW to reflect the 
projections in demand. The completion of Kusile and Medupi plants will see a major boost 
in energy production and perhaps create surplus in capacity. The recent challenges facing 
the energy sector are as a result of system breakdown whereby only one unit is in operation 




Figure 2. 17. Accumulated new generation capacity by 2050 [165] 
 
The programme organised by the Independent Power Producers (IPPs) indicated clearly 
that, renewable energy is now preferable in terms of cost, most especially solar and wind 
energies. International prices recently also confirm that, the RE prices are cheaper and they 
are expected to come down more. However, both IEP and IRP are still relying on coal-fired 
generation even after Kusile and Medupi agreements.  Likewise, a place has been secured 
for new nuclear plant. The nuclear 9.5 GW value shown in Figure 2.17 was sanctioned 
through the determination of the energy ministry. The IEP is however optimistic that, South 
Africa still stand a chance of hitting incomparable jackpot with coal or shale gas or both 
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[181]. The presumed gas under liquid fuels also provides gas to liquid plants for energy 
generation regardless of ecological awareness [182]. The IEP also considers oil refining and 
the importation of diesel and patrol more profitable investment [165]. The largest cost 
component of the entire energy system for 2014 to 2050 is imported fuel but slightly cheaper 
as compared to fuel and oil import cost presently [165]. 
 
2.4.10. Energy statistics classifications used in South Africa  
The major stakeholders in South Africans energy sector DME, Stats SA and Electricity 
Supply Commission (Eskom), DME and Stat SA depend on (Eskom) as their main source 
and supplier of electricity data. [183] While DME uses the data for compilation of the Energy 
Balances, Stats SA on the other hand uses it as a survey and the Energy Balances for the 
compilation of the statistical release P4141, as well as SU tables for the energy accounts. 
The South African economy comprises of five major sectors as classified by the DME [184]: 
namely, Industrial, Commercial, Agricultural, Residential and Transport sectors. The IEP 
covered all the five sectors with particular emphases on the energy demand per every sector 
[165]. 
 
i. Industrial sector  
There are eight sub-sectors under industrial sector. They comprise of Food and tobacco, 
Mining, Chemicals and petrochemicals, Non-ferrous metals, Iron and steel, Non-metallic 
Pulp and paper, minerals and others. Industrial sector is counted as one of the three major 
consumers of electricity and energy in South Africa as shown in Figure 2.18 [180]. The 







Figure 2. 18. Energy demand for the industry [165, 185] 
 
ii. Commercial sector  
This sector is made up the Government, Financial institutions, Education and Shops, 
Recreation, and Office buildings. The commercial sector energy is mainly used for heating, 
air conditioning and lighting. The biggest users of the electricity this sector are Office 
machines such as fax machines, computers, and printers. Total energy demand in 2050 
is projected to 180 PJ as against 50 PJ in 2015 as shown in Figure 2.19.  Electricity is 
the larger share of energy for this sector [165,180]. Figure 2.19 shows energy demand 




Figure 2. 19. Energy demand for the commercial sector [185] 
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iii. Agricultural sector 
This sector uses a lesser portion of the national employment, agriculture produces a lesser 
portion of the Gross Domestic Product (GDP). Globalisation and commercialization of 
farming is probable to lead to fewer profitable farmers with larger farms to increase exports 
and imports in this sector [180]. Figure 2.20 shows energy demand projection for the 
agricultural sector from 2015 to 2050. The 2050 energy demand is projected 98 PJ as 




Figure 2. 20. Energy demand for the agricultural sector [185] 
 
iv. Residential sector  
Urban and rural areas made up residential sector. Rural areas are places where people live 
in shacks made of wood and tin. Those places are normally described as informal 
settlements or squatter camps. Wood is their main source of energy. However, the urban 
people rely on the use of electricity. There are three main categories of residential energy 
are: traditional, (i.e. wood, dung and bagasse) transitional (i.e. coal, paraffin and liquefied 
petroleum gas (LPG) and modern, which consists of electricity. Residential energy have five 
main uses such as lighting, cooking, Water heating, space heating; and other domestic 
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appliances [180]. Figure 2.21 shows energy demand projection for the residential sector 
from 2015 to 2050. 140 PJ is projected as total energy demand at the end of 2050 as 




Figure 2. 21. Energy demand for the residential sector [185] 
 
v. Transport sector  
Liquid fuels is the main source of energy for the transport sector. The sector deals with 
transporting goods and people by land, sea and air [180]. Figure 2.22 shows energy demand 
projection for the transport sector from 2015 to 2050. The main source energy for the 
transport sector is liquid fuels. The major activity at the sector is to transport people and 
goods either by air, land or sea. It is the second highest consumer of electricity and 
energy in South Africa, the current energy demand stands at 500 PJ but the figure is 







Figure 2. 22. Energy demand for the transport sector [185] 
 
2.4.11. Jobs Potentials  
The job potentials of the IEP were categorised as indicated in Table 2.10 below: which 
includes direct and indirect jobs, supplied and induced jobs and temporary and permanents 
jobs. Table 2.10 further illustrates the category of jobs creation, definitions and types of jobs 
created. 
Table 2. 10. Job categories considered [180] 
No. CATEGORY DEFINATION EXAMPLE 
1 Direct Jobs Jobs resulting from construction or 
operation of technology  
 Construction workers 
 Brick layers 
 Plant operators 
2 Supplier 
Jobs 
Jobs resulting from first level suppliers 
during construction and/  or operation  
 Turbine manufactures  
 Cement producers  
 Steel manufacturers 
3 Indirect Jobs  Jobs resulting further down the value 
chain during construction and/ or 
operation. i.e. suppliers to suppliers 
 Iron ore miners and smelters 
4 Induced 
Jobs 
Jobs resulting from more money in the 
economy because of the project.   
 Restaurants 
 Transportation services 
 Medical facilities 
5 Permanent 
Jobs 
These jobs which have a longer duration 
and are more permanent in nature. 
Services are usually established in-house 
within the organization.   
 All operation jobs are considered 
to be permanent jobs. 




These are jobs which have relatively short 
duration. Services are usually contracted 
 All construction jobs are 
considered to be temporary jobs 




Job forecast in IEP are mostly overstated under emission counts. Nuclear build programme 
can provide more opportunities for jobs, thus growing local economy. Construction of shale 
gas also can create more jobs for young dwellers locally as indicated in Figure 2.23. The 
construction of liquid plant alone is expected to create not less than 90,000 jobs in 
operational section in 2040. Between 2040 and 2050 in Figure 2.23 indicated job decline 
potentials due to technicalities. This period requires skilled labour force modelling and 
methodology involved. If we compare the workforce of 33,000 at Sasol and job potential of 
1.5 million at Shale gas extraction in Figure 2.23 further shows that, the period requires only 
technical and skilled capacity [180] Moreover, the assessment in Karoo Shale gas is 
expected to provide indirect jobs of about 2,575 in trucking, boring and generation of 
electrical energy. This can employ local resident’s population of about 15% to 35% 








2.4.12. Greenhouse Gas (GHG) Emissions  
The upper and the lower limits as indicated in Table 2.11 show the range of Plateau, Peak 
and Decline (PPD) allows CO2 emissions. The entire period of cumulative emissions from 
2010 to 2050 are shown in the last column of Table 2.11. The figures in Table 2.11 were 
built on 2009 Copenhagen’s suggestion of 505 Mt. emission in 2025 [170]. The figures were 
manipulated in order to achieve PPD cumulative of 614 Mt in 2011 at the same period at 
peak level [170]. 
Table 2. 11. PPD 2010 to 2050, Mt CO2e [170] 
 2010 2015 2020 2025 2035 2040 2045 2050 Total 2010 - 2050 
Upper 547 562 583 614 614 552 490 428 23,050 
Mid 473 480 491 506 506 444 382 320 19,560 
Lower 398 398 398 398 398 336 274 212 14,830 
 
The base case again of the Table 2.11 has permissible emission of power generation for 
the period of 2020 to 2050 of 7,857 Mt. Additional 10 years will increase the emissions to 
about 10,400 Mt. With permissible rate of 45%, power generation will give PPD full period 
by putting emissions values at upper limit at 4oC by 2100 and more afterwards. Though, 
emissions decrease from power generation as compared to other sectors are easier [289]. 
Thus, emission proportion credited to the power sector must sharply reduce from time to 
time. The Department of Energy (DoE) disagreed with the lower carbon budget that, the 
DEA sample scenarios between 2020 and 2050 could have produced 5.03 Gt CO2 
emissions. Adding a year will mean an addition of 2.28 Gt for the full period of PPDs value 
to increase to 7.31 Gt. If that represents 45% of national total emission, then 16.24 Gt 
emission has been produced above the lower limit of DEA of 1.4 Gt. The second scenario 
of the DoE was renewable, which moved slightly higher from 2020 to 2050. 7.37 Gt was 





The creation of the difference, conversely, was as a result of using nuclear scenario on 
renewable energy before bringing online nuclear plant in 2026. Within a six year period 
(2020 – 2025) 11,380 MW of renewables with 1.29 Gt emissions will be built according to 
nuclear scenario. For RE scenario, 8,430 MW with 1.59 Gt emission shall be produced 
within the same six year time frame. Therefore, it seems that building the same amount of 
within the same period of renewable’s budget in 2020 – 2050 will produce emissions value 
of 4.79 Gt. The implications are that, PPD’s full period will produce 7.07 Gt and as a result, 
15.71Gt will be produced as national emissions figure. But both renewables and gas should 
produce 6.43 Gt emission according to the least cost of CSIR for the full period. [186]. 
 
2.4.13. Costs  
The cost of energy systems is made up of different components from the primary energy 
supply to the energy delivered to the consumers [168]. The modules and the analysis for 










The framework of the IEP was designed with inputs from the various sectors of the South 
Africans economy in consultation with the IRP. Energy is indispensable to human 
endeavours and is critical to the socio-economic growth of every country. The main aims of 
the DoE is the insurance of energy security from energy providers to the citizenry.  Thus, to 
ensure obtainability of energy and to continue access to energy facilities in a reasonable 
and bearable manner, the associate adverse environmental impacts must be minimised. 
South Africa’s main energy supply is dominated by coal, which represents about 71% of the 
total installed capacity; crude oil contributes about 15%. Natural gas, renewable energy and 
Nuclear power, including biomass and hydro, have factually frolicked a lesser role in the 
total energy mix with the remaining 11%. This percentage trend is seen throughout the IEP 
planning process. However, global energy policy proposes 50% dependence on renewable 
energy to reduce GHG emissions, improve energy efficiency and to support renewable 
energy development and deployment by 2020.   
 
The IEP development should be incessant process and should be reviewed sporadically in 
order to be abreast of the current changes in the macro-economic setting, improvements in 
new technologies and changes in national primacies and obligations, among other 
influences. Change is on-going and the plan should be applicable continually. The final 
report presented the estimated future energy requirement and the cost involved as well as 
job potential opportunities for the citizenry. Some recommendations were made on the best 




2.5.0.  IEP Framework: Denmark Republic From 2015 - 2050 
2.5.1. Introduction 
Denmark installed four (4) wind power plants of 162 MW in 2012 alone [200]. Wind energy 
contributes a percentage share of 28.3% as at 2011, where nine (9) wind power plants of 
765 GWh capacity had already installed. Currently Denmark is the largest producer of wind 
energy in the world [187]. The government has projected 50% share of wind energy by 2020 
as compared to 30% projection by the 2009 European Renewable Energy Directive [188].  
 
Denmark has a long-term strategic plan of achieving 100% renewable energy supply of 
electricity by 2050 in all sectors of the economy [189].  The Republic of Denmark energy 
policy contract currently will expire in the year 2020 [190]. This means that some elements 
of the current energy policy framework will be changed. The Model of Danish Energy has 
gone through tenacious and active policies with ambitious attainment goals of renewable 
energy, energy efficiency enhancement and technical innovation support and development 
of the industries [191]. Denmark is currently contributing the highest non-hydro renewable 
energy in the world, 46 pct. of CO2 emissions in 2013, which is expected to be increased to 
50 pct. in 2020 [192]. A number of goals to future develop the entire energy sector by the 
Danish government has been set up: complete elimination of energy generated from coal 
by 2030, renewable energy shall be used for heat and electricity supply by 2035 and 
ultimately, reaching total independence of fossil fuels by 2050 [193, 194]. 
 
2.5.2. Historical background for wind energy policy framework  
Wind energy production in Denmark into commercial quantities started in 1970s when the 
country faced with oil crises. The country then had total dependence on fossil fuel energy 
production. Over 90% of energy supply were produced with imported oil in 1973 as shown 
in figure 2.30. The situation brought serious economic difficulties on the country between 
the period of 1973 and 1979. Denmark in the midst of the oil crises decided to use coal 
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instead oil for energy production in the country. Nuclear power was finally proposed as an 
alternative for energy supply and also to ensure reliable and sustainable energy supply [195, 
196].  
 
2.5.3. Energy policies of Denmark  
Denmark Energy Policies are in a continuous method of modification. Energy Action Plan in 
1996 (Energy 21) [197] was the number four in succession within two decades of energy 
plans and strategies that have led to the optimisation of the energy sector of Denmark to 
the current state of affairs in energy production sector as shown in Figure 2.25 [198].  
 
2.5.4. Energy Strategic Plans in Denmark  
First energy plan (Energipolitik 1976) [198] was developed in 1976 with the aim of getting a 
comprehensive plan to safeguard the country against the energy crisis in 1973/74. The main 
focus was to convert Danish oil power plants to coal power plants. Nuclear power also was 
adopted to ensure energy savings and security. The role of renewable energy then was very 
insignificant in the country’s energy supply system [199]. The introduction of energy taxes 
on electricity were adopted in the late 1970s to provide financial assistance for public 
research on renewable energy development. The Ministry of Energy in Denmark was 
created in 1979 [200].  
 
Second energy plan (Energiplan 81) [197], was developed in 1981. The aim was to give 
additional weight to ecological and socio-economic considerations and to reduce the 
importation of fuels for energy production. This plan prepared the grounds for growing the 
nuclear power and local energy production. These included the recovery of gas and oil in 
the North Sea of the country and the development of natural gas for national grid.  Subsidies 
for wind turbines and biomass plants construction were also introduced in the second energy 
plan [201].  
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Third energy plan (Energi 2000) [197] was developed in 1990, which was considered as an 
ambitious plan. In this plan, the government decided to increase the use of ecologically 
friendly fuels and introduced energy sector development programme that will ensure energy 
safety and security. In Energi 2000, the ecologically friendly fuels such as solar, natural gas, 
biomass and wind energies were considered. By the end of 2005, the following 
achievements were as a result of Energy 2000 as compared to the year 1988 [202]:  
 Energy consumption was reduced by 15%.  
 Natural gas consumption was increased by 170% at the end of the process.  
 Renewable energy consumption saw 100% increased.  
 45% of coal consumption was reduced from the production system.  
 Oil consumption saw a reduction of 40% at the end of the process. 
 At least 20% of CO2 emission was reduced.  
 At least 60% of SO2 emission was reduced and  
 50% of NOx emission was reduced.  
The fourth energy plan (Energi 21) [197, 203] was developed and adopted in 1996. This 
plan was intended to have a central role of the administration of the country’s energy 
resources. An important facet of the plan was to further reduce CO2 emission by another 
20% by the end of the year 2005. At least the CO2 emission should be purged at 10% in 
2030. The plan also envisaged a total of 12 - 14% renewable energy production in 2005, 
and increase to 35% by the end of year 2030. The historical events of Danish energy 








Table 2. 2. A historical perspective of Danish energy policy Phases [197] 
No. Period Priority Main EE elements 
1 1979-1983 Security of 
supply 
 Reducing oil consumption 
 Heat savings 
2 1983-1990 Economy  Energy efficiency in general  
3 1990-1995 Environment  New buildings 
 Saving of electricity  
 Saving in industry 
4 1995-2001 Economy and 
environment 
 Savings in industry and of electricity buildings 
 Demand side management 
5 After 2001 Economy, 
environment and 
security of supply  
 Energy savings target  
 Obligations for energy utilities 
 Stronger EU regulation  
 Reduction of fossil fuel   
 
2.5.5. New Age for energy policy  
Integrated Energy Plan (Strategy) for 2050 [198] was a giant move to the realisation of the 
Danish government’s dream to attain 100% independence of oil, gas and coal in energy 
production. The climate change policy was commissioned in 2010 with the conclusion that, 
total independence of fossil fuel was possible [198].  
 
This strategy outlined measures to change Denmark from the grips of fossil fuels into an 
environmental friendly source of energy and maintainable society with steady power supply 
as shown in Figure 2.25. The Danish goal of 100% renewables by 2050 is built on the 
consciousness that, energy policies in the entire world today is facing a new era. These 
goals can be achieved by: increasing the use of renewable energy [207], improving energy 






Figure 2. 25. A look towards 2050: independence of fossil fuels [198] 
 
2.5.6. Objectives for the IEP (Strategy 2050) 
2020 energy plan targets were built on the 2012 energy agreement. However, the in-
between policies for 2030 and 2035 will not be thrown out. Table 2.13 summarises the main 
objectives for the existing energy policies from 2020 to 2050 [197, 198]. 
 
Table 2. 13. Overview of Danish energy policy objectives [198] 
 2020 Policy 2030 Policy 2035 Policy 2050 Policy 
Main 
objectives 
To Reduce CO2 
emissions by 40%  
  all sectors should 
move away from 
fossil fuels 
RES  To attain 35% share of 
RES in all sectors 
  To attain 100% 
share of RES 




To attain 50% share of 
wind energy in 
electricity consumption 
of usage coal for 
all power plants 






To attain 100% 
share of RES 




To reduce gross 
energy consumption to 
4%  
   
Transport 
Sector 
To attain 10% share of 
biofuels for transport 
sector 





 All oil burners 






To attain 100% 
share of RES 




2.5.7. Current electricity system in Denmark 
Total installed generation capacity in the Danish energy sector is about 13.6 GW [209]. The 
peak demand currently is approximately 6 GW as compared to the year 2016 when the net 
production of electricity amounted to 30,615 GWh [210]. Denmark imports energy to the 
neighbouring countries with the net imports of 2,855 GWh [211]. The highest share of energy 
production is wind energy in Denmark. In 2016 alone, wind energy produced a record of 
39.1% energy supply to the Danish demand of electricity [212]. These data nonetheless, the 
majority of energy generations in Denmark is still rely on Combined Heat and Power (CHP) 
[213]. The CHP Denmark units comprises of central and decentralised power stations as 
well as auto- producers [214]. 
 
The electricity sector of Denmark is categorised into four major groups with a total units of 
approximately 6,000 electricity production companies [198]: 
1. The 16 production sites for the Central power stations still based their generations on 
natural gas, coal, oil and biomass.  
2. About 1,000 decentralised CHP power stations for local and industrial plants also 
based their generation plants on natural waste, gas, biomass and biogas.  
3. Denmark can boast of 5,200 wind turbines currently in operation and  
4. 92,000 PV installations across the country for the solar sector. 
 
The Danish electricity mix in 1980 was subjugated by large-scale, the central thermal plants 
over the years, has enlarged setting out of decentralised CHP plants and wind turbines 
which has led to a more distributed generation structure. Figure 2.26 indicates energy 
production in Denmark from 1990 to 2014 with the various energy resources available in the 





Figure 2.26. Production of electricity in Denmark from 1990 to 2014 [214] 
 
The net production electricity in Denmark in 2014 in accordance with the type of distribution 
producers (hydropower contributed only 0.05% which was rounded to 0% in the diagram). 
The net total generation of electricity was 30,615 GWh. Gross production of electricity was 
amounted to 31,905 GWh, this includes 1,290 GWh self-use of energy in electricity 
generation as presented in Figure 2.27 [214]. 
 
Figure 2.27. Danish energy distribution in accordance with the type of producer in 2014 [214] 
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2.5.8. Supply and demand 
Total Primary Energy Supply (TPES) in Denmark was a little bigger than its local energy 
production as at 2016. Although, imported coal was used for local consumption, Denmark 
remains a net exporter of gas. The capacities of the imported oil into the country is a little 
higher than the exports. Oil is the largest Denmark’s energy source in TPES and is largely 
used in the transport sector. However, the bulk of natural gas and coal are mostly used in 
electricity and heat generations. The third-largest energy source in Total Final Consumption 
(TFC) is the district heating sector [215] after electricity and oil. The residential and transport 
sectors always constitute the highest energy consuming sectors. In 2015, the industry and 
commercial sectors accounted for one-third energy consumption whilst residential and 
transport accounted for nearly one-third of TFC each. Figure 2.28 summarises energy 
production in 2015 and 2016 [216]. 
 
Figure 2.28. Summary of energy production [216] 
(TPES and TFC, 2015/16 *other renewables includes hydro, geothermal and solar) 
 
 
2.5.9. Smart Grids Technology  
To attain the 2050 goals for the strategic energy planning, another area which was critical 
was the introduction of smart grid technology. Against this background Danish Energy 
Agreement, which was adopted in 2012, insisted on the development of smart grids 
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technology to improve the efficiency of the system. The implementation of 2012 Energy 
Agreement was expected to produce the following results [9, 217]: 
 Renewable energy was expected to produce over 35% of the total consumption of 
power.  
 Wind energy was expected to produce at least 50% of the total energy consumption.  
 
2.5.10. Reduction of CO2 emissions, 2020 - 2050  
Denmark is gradually reducing CO2 in non-ETS sectors such as agriculture, transport, waste 
and parts of industry, households, and the energy sector from 2013 - 2020. This is in 
accordance of the EU energy package and climate target for its countries to reduce CO2 by 
20% in 2020 [218]. The phasing-out of fossil fuels will be further reduce total greenhouse 
gas emissions in line with this strategy and Denmark will be put on track for 80-95% CO2 




Figure 2.29. Denmark’s CO2 emissions reduction from 1990 to 2050 [219] 
 
2.5.11. Considerable effects and benefits of the strategy 2050  
The meaning of the government’s energy strategy is that, within the next decades, Denmark 
will complete the process towards independence of fossil fuels. Moreover, the new initiatives 
taken by the government will attain a higher share of renewable energy, lower energy 
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consumption, reduction of CO2 emissions, retention of a high security of supply and good 
opportunities for Danish companies working with climate solutions and energy. The 
immediate initiatives are shown in Figure 2.30 [218, 219]. 
 
Figure 2.30. Steps towards 2050 [198] 
 
2.5.12. Summary 
Energy policy indicators up to 2050 for the Integrated Energy Planning (Strategy 2050) are 
















Table 2. 14. Energy policy indicators up to 2050 [197, 198, 220] 
The goals of government on Energy 2050 Strategies for  Energy Sector 
Wind energy is expected to cover 50% of the 
traditional energy consumptions by 2020 as 
against EU 20% target of renewable energy 
coverage in the same period. 
Government decision to increase the funding for 
wind production will guarantee about 50% share of 
wind energy alone share by 2020, as against EU 
20% target of renewable energy coverage in the 
same period. 
Oil burners and Coal for energy production will 
be phased out in 2030.  
Government’s decision increase biofuels to 10% 
and to promote the use of electric cars by 2020 will 
eliminate the use of oil burners and Coal for energy 
production in 2030. 
Renewable energy is expected to cover the 
supply of heat and electricity by 2035 
With the introduction of the 50% share of 
renewable energy in 2020 will automatically push 
away the production of heat and electricity supply 
from the energy sector. 
Renewable energy is expected to cover 100% 
energy supply in the country by 2050 
Following the strategic plan and the government’s 
support in terms of full funding of all will help the 
country to achieve its dream of becoming the first 
country to attain total independence of fossil fuel 
energy production.  
Attainment of 80 – 95 reduction of CO2 emissions 
by 2050  
  
Reducing CO2 in non-ETS sectors such as 
agriculture, transport, waste and parts of industry, 
households, and the energy sector will be put 
Denmark on track for 80-95% CO2 emission 














Research Design and Methodology 
3.0. Introduction 
The research design refers to the overall strategy we choose to integrate the various 
components of the study in a coherent and logical manner. According to Ghauri et al. [221], 
research design must give a plan that specifies how research is going to be executed. The 
methodology details the plan of how the research objectives data will be obtained, analyzed 
and conclusions drawn [222]. The research method adopted is a mixed method approach 
with multiple case studies of both quantitative and qualitative study on the development of 
a framework for the integration of RES in Ghana’s grid system [222]. Therefore, the research 
applied the necessary instruments for data collection, modelling for simulation and 
operational testing [223]. Consequentially, the tools needed for the development of RES 
integration framework were identified in conceptualizing the present state of the art design 
and proposition of new optimization structures to help system implementation to be covered 
under this section. Critical content analysis was made on the use of Renewable Energy (RE) 
in some African and European countries, as well as Integrated Energy Plan (IEP) 
frameworks for Denmark and South Africa. Those countries were carefully selected due to 
similarities of their geographical locations and that of Ghana. A case study on the application 
of Hydro, Solar, Wind and Biomass power and procedure for developing IEP framework 
were discussed to pave way for the needed results to be achieved, thus developing a 
framework for integration of RES in Ghana. 
 
3.1. Method of research settings 
In order to achieve the objectives of this study, the methodology section was divided into 
three main methods which include: 
1. Content analysis 
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2. Multiple case study and 
3. Procedure for IEP framework development  
 
3.2. Content analysis 
This method was designed to aid identifying the various models for the scope of the research 
with proper guidelines [224] on IEP framework for Ghana, by putting the renewables and 
integrate them with the grid systems. The key models as shown in Figure 3.1 are main 
objectives of the framework, key assumptions and policy issues where renewable energy 
and energy efficiency were put in perspective. The measurable effects of CO2 emissions 
and the benefits of potential jobs to be created during the study period as well as cost 







Figure 3. 1. Schematic Diagram of the Conceptual Approach of the IEP Framework 
 
 
3.3. Multiple Case Study Methods 
The data analysis techniques as indicated in Figure 3.2 focus on method used on research 
work done in Ghana on grid and renewable energy integration: key issues and probable 
solutions with a taxonomic review and technological approach to obtain the needed results 
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[225]. Long-term Energy Alternative Planning (LEAP) and EXCEL were also applied to 
perform an analysis for energy projection modelling from 2017 to 2050 study period. 
Descriptive statistics and frequency tables were built for displaying the outcomes in 
accordance with the main objectives of the research. In order to make accurate projections 
on the country’s energy needs from 2017 to 2050, LEAP software was used for the 
projections [226]. 
 
Figure 3. 2. Schematic diagram for multiple case study methods 
 
 
3.4. Focus Group 
Qualitative and quantitative approaches were used with the computer-assisted text analysis 
and discussions [227] on the study of the grid and RES integration in Ghana, the main issues 
and probable solutions. The aim of this study is to identify the state of Ghana’s energy 
situation and the contribution of the renewable energy. The main challenges were identified 
through this method and suggestions were made for the IEP framework development.  
 
3.5. Modelling and Simulation Tools 
LEAP and Microsoft EXCEL were used as engineering tools for modelling and simulations 
as shown in Figure 3.5. Several methods in energy planning have been designed due to the 
 
Multiple Case Study 
 
Focus Group: 
1. Case Study in Ghana 
2. LEAP Application 
Case Study: 
1. Hydroponics 
2. PV Irrigation Project 
Procedure for developing an integrated 
Energy Planning Framework 
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diverse nature of the topic. This framework is designed to determine probable expansions 
in Ghana’s energy generation system using Schwartz energy planning method [110]. This 
is one of the most all-inclusive method of framework development. Countries like USA and 
Panama also adapted Schwartz methods as a pathway for the development of its energy-
planning framework [228]. This same method was used for global policy-making on 
environment [229]. 
 
3.6. Computer Tools for Modelling and Future Projection 
Figure 3.3 illustrates the procedure for the modelling and simulation of future energy forecast 








Figure 3. 3. Software for modelling and simulation 
 
3.7. Algorithm of the LEAP Model    
The calculation of endogenous growth, greenhouse gas emission, energy consumption and 
production cost with the application of LEAP model for framework development is presented 
in the sections below [211]:  
 
3.8. Endogenous addition  
LEAP can automatically calculate and add specified technologies and capacities 
endogenously, using the following formulas. 
CEN (MW) = DP (PRM – RM)      Equation 3.1 
 









CEN  =  Additional capacity required for endogenous 
PRM  = the reserve margin for the energy planning  
RM  =  the reserve margin before the additional capacity and  
DP  =  the requirement needed at the peak level.  
 
DP and RM refer to Equations 3.2 and 3.3 




× 8760        Equation 3.3  
where: 
ED  = energy demand requirements and  
LF  = maximum load factor  
(LF can be calculated as average load curve or directly entered into the model). 
C  = capacity factor before addition 
𝐶 =  𝑀𝐴 (𝐶𝐸𝑛𝑃 + 𝐶𝐸𝑥)       Equation 3.4 
where: 
MA  = Max. Availability of the Process  
CEnP  = Endogenous Capacity   
CEx  = Exogenous Capacity   
  
3.9 Energy consumption  
To obtain the total energy consumed in a particular sector, the following formula is used.  
𝑇𝐶(𝑇𝑊ℎ) =  ∑ 𝑓 ∑ 𝑡 ∑ 𝑙 𝐴𝐿𝑓𝑡𝑖 × 𝐸𝑙𝑓𝑡𝑖     Equation 3.5 
where: 
TC  =  aggregate energy consume by the sector,  
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AL =  activity level,  
EI  =  Energy Intensity,  
f  =  Fuel Type,  
t  =  Technology and  
i  = Energy Sector. 
 
3.10 CO2 emissions 
The CO2 emissions from the final energy consumed by each sector is determined as follows 
[490]: 
𝐺𝐻𝐺(𝑀𝑀𝑡𝐶𝑂2𝑒) =  ∑ 𝐹𝑖𝑔 × 𝑃𝑡𝑛𝑡       Equation 3.6 
where: 
Fig  =  CO2 emissions (on generation factors)   
Pt  =  technology power output  
 
3.11 Production cost  
To obtain the total cost (TC) of production in every sector is determined by: 
𝑇𝐶(𝑈𝑆$) =  ∑ 𝐶𝑐𝑡. 𝐶𝑎𝑡 + 𝐹𝑜𝑐𝑡. 𝐶𝑎𝑡 + 𝑉𝑐𝑡. 𝑃𝑡 + 𝐶𝑒. 𝑇𝐺𝐻𝐺𝑡𝑛𝑡   Equation 3.7 
where: 
CC  =  Capital Cost   
Ca  =  Installed Capacity  
VC =  Cost of Variable Maintenance and Operation   
fOC  =  Fixed Cost  
Ce =  Specified CO2 Externality Cost and  




3.12. Policy Framework development tools 
The policy framework development tools for RES integration in Ghana was achieved with 







Figure 3. 4. Tools for framework development 
 
3.13. Procedure for IEP Framework Development 
The drawing of IEP framework should consider every energy transporters, every 
technological possibilities and every important national energy policy necessities and 
suggest alternative policy recommendations for the energy mix. To ensure the attainment 
of the energy sector objectives in optimum manner, Figure 3.5 illustrates the processes used 
to develop the IEP framework for Ghana. The Figure further demonstrates the procedure 
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Figure 3. 5. IEP development procedure 
 
3.14. Summary 
Chapter three presented applied methodology. The chapter is divided into three sections: 
the first section explained content analysis on the use of RES in some African countries. It 
explained various methods of research settings and textual analysis on the approach to 
conceptual method to IEP framework development with particular reference to RE system 
integration into the national grid. This section also provided a broad explanation of the steps 
taken to enhance the methodology on the application of RES for irrigation projects in Ghana. 
The second section provided a hypothetical background of the engineering tools such as 
LEAP and Microsoft EXCEL models including their structures and algorithms and the third 
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Variable Development and Analysis 
4.0. Ghana Leap Generation Model System for IEP Framework Development 
4.1. Variable Development 
4.1.1. Introduction 
Various methodologies have been developed to guide Integrated Energy Planning (IEP) 
development, due to the varied nature of the application and the country’s natural resources. 
The IEP development in this study was to develop probable energy planning framework in 
the generation of energy systems of Ghana by using Schwartz development planning 
method [110]. The current energy situation in Ghana requires a pragmatic approach such 
as IEP framework to safeguard the situation. The technology was adopted  to  display all 
the data gathered and to use LEAP application to forecast the energy required up to the 
year 2050 and use them as a benchmark for the IEP development.  
 
4.1.2. Overview of the LEAP Model  
The interface of the LEAP structure has seven view graphical icons. These include: Results, 
Analysis, Overviews, Energy balance, Technology database, Note views and Summaries 





Figure 4.1. LEAP model structure [230] 
 
 
4.1.3. Cost-benefit Analysis of LEAP  
Every energy planning process requires proper estimation on Cost-benefit analysis in order 
to assess the strengths and weaknesses of the appropriate choices. This could also be 
described a methodical tool for determining the appropriate cost savings and resources 
[231]. LEAP in this sense helps to identify a variety of socially acceptable policy options. 
The cost-benefits analysis here are for providing an analytical monetary options also to 
compute the rate of each part of the planning process [232]. These include the following: 
 Transformation system and investment costs 
 Systems operation and maintenance costs   
 Cost of import fuels for the generators 
 Expected profits from the imported fuels   
 External cost of CO2 emissions and   
 Cost of additional defined operators for promoting efficiency.  
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LEAP cost-benefit offers a flexible way to conduct analysis. This can be achieved by 
providing a specific cost boundary as an option. To limit a specified boundary is useful in 
system modelling where cost of fuel data is available and not that of mining and refining 
[231]. LEAP cost-benefit also can averts double counting [232]. 
 
4.1.4. Ghana Leap Model Development  
The year 2010 was chosen for designing Ghana LEAP model as the base year for the 
analysis of the projects in the developmental structure of the energy generation systems of 
Ghana up to year 2050. 2010 again was chosen as a base year because of the accessibility 
of data. The Statistical Service of Ghana conducted the last national population census in 
2010 [233] and Ghana Energy Commission also conducted national energy survey in the 
same year [234]. These two national activities provide a dependable data for the model. The 
year 2010 selection for this study also provided a seven year period (2010 to 2017) to 
validate the results with real data.  
 
4.1.5. The trend of Ghana’s population from 2010 
The growth population trend of Ghana was estimated at 2.4% annually according to Ghana’s 
Statistical Service (GSS). Ghana’s population and housing census was estimated at 24.7 
million people [233]. Ghana’s population growth is related to Sub-Saharan African growth 
rate of 2.5% as compared to 1.62% in middle-income nations [234]. Table 4.1 shows the 
summary of 2010 population and housing census. 
 
Table 4.1. Summary of 2010 population and housing census [233] 
No.  variable value Percentage 
Increase  
1 Total Population  24, 658, 845  
2 The rate population growth 2.4% Annually   
3 Total population in urban areas 12, 545,229 50.9% 
4 Household 5, 467, 136  




The consumption of electrical energy trend in Ghana varies between urban and rural areas. 
The access of electricity in the urban areas was 83.8% in 2010 as against 16.2% of the rural 
areas. The population of the urban areas as of 2010, which was 55.8% is expected to 
increase to about 60% in 2050 [233].  
 
4.1.6. Characteristics of Fiscal Situation in Ghana 
Gross Domestic Product (GDP) plays an important role in energy planning process, the 
growth rate from 2005 to 2009 averagely was about 6% and rose to a highest of 14% in 
2011. Table 4.2 indicates Ghana’s GDP characteristics from 2010 to 2017 [236].  
 
Table 4. 2. GDP characteristics from 2010 to 2017 [236] 
Year  2010 2011 2012 2013 2014 2015 2016 2017 
GDP (Million US$) 16,848 18,158 16,615 16,790 11,402 9,221 9,879 19,223 
GDP Growth rate (%) 7.90 14.00 9.30 7.30 4.00 3.90 6.10 8.30 
 
Crude oil production in commercial quantity in 2010 boosted the country’s revenue and as 
a result, the country’s growth of the GDP dropped drastically to 4% in 2014 but increased to 
6.1% in 2016 as indicated in Table 4.2. The increase of GDP was as a result of power 
shortage that bedevilled the country in 2014 and 2015 [236]. The energy situation improved 
due to Government’s intervention in 2017 and a result, the GDP growth then moved to 8.3%. 
Table 4.3 illustrates the trend of GDP share at basic economic activities in Ghana from 2010 
to 2017. 
 
Table 4. 3. Delivery of GDP at rudimentary fiscal activities (%) [236] 
Year  2010 2011 2012 2013 2014 2015 2016 2017 
Agriculture 29.80 25.30 22.90 22.40 21.50 20.30 23.40 24.50 
Industry 19.10 25.60 28.00 27.80 26.60 25.30 27.30 28.10 
Mining 2.30 8.40 9.50 9.40 8.00 6.30 7.10 7.00 
Manufacturing 6.80 6.90 5.80 5.30 4.90 4.80 4.10 4.00 
Oil and Gas 0.40 6.70 7.70 8.20 7.20 5.80 6.00 5.90 
Constructions 8.50 8.90 11.50 12.00 12.70 13.20 14.20 15.40 





Manufacturing and mining sectors in Ghana are most consumers of the country’s energy. 
The government’s agenda of industrialisation will pose a great challenge for the power 
sector since the growth in industrialisation will increase the demand of electricity and the 
country needs to produce more energy. Modelling the demand of industrial sector, 1.0 was 
anticipated, which indicates that, the increase of energy demand of 1% should correspond 
to 1% growth of the GDP as indicated in the national energy policy [237]. An adoption of 8% 
growth of GDP as a base case projected the energy needs from 2010 to 2025, and 12% 
growth was projected from 2026 to 2050 which is expected to increase the energy supply 
[237]. 
 
4.1.7. Ghana’s Energy Demand Forecasts  
Ghana’s electricity demand increases at the rate of 9.7% every year and this trend has been 
consistent for the past decade alongside 5.6% growth of peak demand. Table 4.4 illustrates 
the history of Ghana’s generation and demand from 2005 to 2014. However, the growth of 
peak demand rate in the past five years has improved to 7.3% though the demand rate 
stayed at 9.6% for the same period. Comparing the 2014 value of generation and that of 
2005 according to Table 4.4 indicated a major boost generation growth. 
 
Table 4. 4. History of Ghana’s generation and demand [233] 
Year  Demand Peak Generation 
 GWh % Growth GWh % Growth GWh % Growth 
2005 6935  19.7 1325 26.3 6788 12.4 
2006 7838  13 1393 5.1 8430 24.2 
2007 6822  -12 1274  -8.5 6978  -17.2 
2008 8043  17.9 1367 7.3 8324 19.3 
2009 8385  4.2 1543 12.9 8958 7.6 
2010 9232  10.1 1506  -2.4 10167 13.5 
2011 10565  14.4 1665 10.6 11200 10.2 
2012 11620  10 1729 3.8 12024 7.4 
2013 12127  4.4 1943 12.4 12870 7 
2014 13678  12.8 2061 6.1 12963 0.7 
Last 5 Years  9.6    7.3    5.5 
Last 10 Years  9.7    5.6    9 
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Table 4.4 further indicated that, the last five year’s generation is nearly half of that of 
demand. This is a clear indication that, Ghana energy consumption does not correspond to 
its generation and that trend must be addressed immediately to avoid future energy crises.   
 
4.1.8. Future Energy Demand Forecast 
Energy security and sustainability should be the focus of long-term integrated energy 
planning framework. Many researchers have used various methods in an attempt to forecast 
Ghana’s energy demand and supply. Bekoe and Adom [235] used ARDL and PAM and 
estimated 12% growth from 2000 to 2020. Abledu [13] used ARIMA and estimated 8% 
growth in demand. Awopone [18] used LEAP and projected 7% increase from 2014 to 2040 
on condition of stable economy within the study period. Ghana grid company adopted similar 
approach of Abledu and forecasted 7% to 9% range of growth from 2000 to 2020 [238].  The 
bottom-Up approach of LEAP model was adopted in this study. The 2010 energy 
consumption survey conducted by the Ghana’s Energy Commission was adopted for the 
development of the intensity model. The outcome of the energy demand forecast from 2010 
to 2050 is shown in Figure 4.2 
 




From Figure 4.2, the outcomes indicate that demand forecast will rise at an average growth 
rate of 12 TWh from 2010–2018, 6 TWh from 2018–2026, 8 TWh from 2026–2034, 14 TWh 
from 2034-2042 and 20 TWh from 2042-2050. The growing rate follows the past growth in 
energy demand and they are reliable with the official load forecasts of the country [238]. 
Ghana will need a total of 18 TWh as energy requirement by year 2026, this value is 
projected to be increasing to 60 TWh by 2050. Ghana can only achieve this target by 
exploring every obtainable energy source in the country in order to meet this future energy 
requirements.  All projections in this thesis are made based on the past demand as well as 
GDP values, which may not be seen in the real demand, so it is significant to understand 
that the real demand may be greater, as compared to the forecast made in this study. The 
historical trends alone for energy forecast are not enough to capture the actual future energy 
demand, because the inadequate power generation as well as low rate of rural areas 
electrification may lead to repress future energy demand [239]. That is why Ghana recorded 
negative demand growth in 2014 during the period of the energy crises as shown in Table 
4.5. This obviously demonstrates that energy generating capacity always relates to the 
official demand forecast.   
The aim of this study is to find probable paths leading to maintainable generation of energy, 
to embark on economic and ecological analysis in the current state of Ghana’s energy 
situations, and to develop an integrated energy plan framework for the country. Thus, this 
demand will be used for all the framework development. 
4.1.9. Demand Model Authentication 
Actual figures and official load predictions from 2010 – 2017 from the EC’s data base were 
used to authenticate the results generated from the demand side of LEAP model in this 
study. Table 4.5 illustrates comparison between the real data with LEAP results in the upper 




Table 4.5. Authentication of the Demand Side of the LEAP Model 
Real Data Versus LEAP Model 
Year  2010 2011 2012 2013 2014 2015 2016 2017 
Real Data in TWh 9.23 19.57 11.62 12.13 13.97 14.32 15.46 16.03 
LEAP Model in TWh 9.91 11.01 11.69 12.40 13.17 13.09 14.01 15.71 
Margin of Error in % 7.00 4.20 0.60 2.30 -5.80 1.90 2.20 2.30 
GRIDCo Data Versus LEAP Model 
Year  2015 2018 2020 2023 2026 2029 2032 2035 
GRIDCo Data in TWh 13.93 16.30 18.15 21.39 25.29 27.21 31.41 35.89 
LEAP Model in TWh 13.98 16.73 18.88 22.58 27.04 30.89 34.12 38.56 
Margin of Error in % 0.30 2.66 0.40 5.60 6.90 7.60 8.90 9.50 
 
The official load demand forecasts carried out in Ghana are only two, the EC’s forecast, 
which projected the future demand from 2000 to 2020 and that of GRIDCo, which projected 
from 2012 to 2035 [240]. For the purpose of this study, GRIDCo’s forecast was adopted 
because it represents the present trend in energy demand and supply in Ghana, which is 
also in line with the IEP framework development. The real data and the LEAP forecast have 
moderate differences in all cases with the exception of the year 2014 where the LEAP 
forecasts are a little higher than the official forecast with the maximum 7% error occurred in 
2010. This means that, the highest error that might occur in this study should be 
approximated at 7%. This is a clear indication that, the LEAP demand model has the needed 
ability to model trend of Ghana’s future energy demand in the development of the IEP 
framework.  
 
4.1.10. LEAP Application for Modelling Ghana’s Energy Generation System 
The dependable installed capacity in 2010 was 1866 MW [241]. The system was modelled 
by aggregating all power plants in the country individually including energies produced by 
the IPPs as indicated in Table 2.5 in chapter two [104]. The characteristics of various 







Table 4.6. Features of Energy Generation Plants from 2010 to 2017 [104] 
Reliable Installed Capacity(MW) 
Plants  2010 2011 2012 2013 2014 2015 2016 2017 
Thermal  765 765 875 1130 1130 1376 1671 1667 
Hydro  1040 1040 1040 1420 1420 1420 1420 1420 
PV        2 2 2 2 2 
Available Average Capacity (%) 
Thermal  46.77 46.77 47.45 46.8 46.8 46.7 46.8 46.8 
Hydro  76.78 83 88.6 66.2 67.4 47 64.3 61.7 
PV        20 20 20 20 20 
 
 
Actual plant operative data from 2010 to 2017 [242] were used in Table 4.6. This is as a 
result of the government’s plans to convert all energy generating plants into combined cycle 
plant, all of which were modelled as such [243]. Almost all thermal generation plants in 
Ghana use either light crude oil or natural gas for their operations. For lower environmental 
impact and low cost, the preferred fuel is national gas when accessible but due to 
inadequate supply of natural gas, light crude oil still contributes about half of fuel feedstock 
[237]. The ratio of fuel feedstock from 2010 to 2017 is 45% and 55% for light crude oil and 
natural gas respectively. The ratio after 2017 was interposed to 80% natural gas and 20% 
light crude oil by 2020, and it is expected to reach 100% natural gas by 2035. This 
projections are in agreement with the National Strategic Energy plan of Ghana’s bids to use 
only natural gas to run the thermal plants [244].  
 
4.1.11. Authentication of Energy Generation LEAP Model 
To determine the capability and also to authenticate the LEAP model, the total installed 
capacity of 2010 was modelled and the results were compared with the official results as 









Table 4. 7. Comparison of LEAP Model and Official Data Results, 2010 
2010 Energy Generation Figures in GWh 
Type of Plant Official Data LEAP Model Margin of Error in % 
Hydro Plant 6,994.84 6,995 0.0 
Thermal Plant 3,134 3,134 0.0 
Total 10,128.84 10,129 0.0 
 
 
The results were accurate and were much close to the data recorded in Table 4.7. The 
results further revealed that, the values of thermal in both LEAP model and official data are 
the same and 0.0% of simulation error was recorded. However, LEAP model for Hydro was 
a little higher than the official value, but the same 0.0% of simulation error was recorded. 
The LEAP model results from 2010 to 2017 were compared with official data and the details 
are presented in Table 4.8.  
Table 4. 8. Comparison of LEAP Model and Official Data Results, 2011-2017 
Energy Generation in GWh 
 Hydro Thermal PV 
Year  Official LEAP Error 
(%) 
Official LEAP Error 
(%) 
Official LEAP Error 
(%) 
2011  7561 7562 0.01 3134 3134.24 0.01 - - - 
2012  8071 8071.81 0.01 3639 3637 -0.06 - - - 
2013  8233 8234.75 0.02 4635 4632.69 -0.05 4 4.38 8.5 
2014  8387 8384.75 -0.03 4635 4632.64 0.05  4 4.38 8.5 
2015 8390 8389.76 0.01 4635 4635 0.0 4 - - 
2016 8432 8431.80 0.01 5706 5735 0.0 4 - - 
2017 8622 8621.90 0.01 5726 5722.75 0.01 4 - - 
 
4.1.12. Data Analysis 
The development of IEP framework for Ghana was categorised into three main stages: the 
first stage as a base or reference point, the second stage as Moderate Renewable Energy 
Sources (MRES) and the third stage as High Renewable Energy Sources (HRES). The 
development of the IEP framework for Ghana is built on the Government’s plan of increasing 
the capacity of electrical energy to meet the demands of its growing population and 
projected extenuation alternatives. The formulation of stage one (1) is presented in the 
National Strategic Energy Plan [237]. The present addition of generation capacity in Ghana 
is largely concentrated on thermal power, which is largely operated on crude oil (oil) and 
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natural gas (NG). This development tendency was expected to carry on in stage 1 (2010 – 
2017). This will ensure the development through the inclusion of Renewable Energy 
Sources (RES) on Ghana’s master plan of energy generation expansion programme [240].  
Some dedicated systems that are presently granted permits for construction are still under 
construction were also considered in the IEP framework. This was adapted from Venezuelan 
energy policy [245]. LEAP application was applied endogenously to add to some extent, 
extra thermal plants value of 300 MW power in units, in order to meet the increasing energy 
demand and specified reserve margin. Eighteen percent (18%) of the reserve margin was 
interposed for increasing from the base year (2010) to 20% in the study period (2050). The 
reliability of the generation system normally depends on the reserve margin. The reserve 
margin also is the difference between the percentage system peak load and the operational 
installed capacity [246]. The deficiency of energy requirements for the past eight years has 
compelled the country to operate under negative reserve margin [247] as against GRIDCo’s 
18% reserve margin target [248]. All these challenges are as result of the country’s inability 
to supply fuels the generating plants. In view of that, this study also has adopted 18% 
reserve margin for the purpose of this analysis.  
 
The main summarised characteristics of the IEP framework development are stated below:  
 The country has no limitations on the usage of fossil fuel in lieu of electrical power 
generation.  
 The country has no targets for CO2 emission reduction.  
 The energy expansion programme was largely based on the combined cycle of 
thermal plants construction.  
 The upgrading of the existing single cycle plants to combined cycle plants.  




 The 10% target for increasing Non-conventional Renewable Energy Resources 
(NRES) by 2030 will be generated to the total generation capacity, this does not 
include large hydro generation. 
   
The main focus on MRES development will be the promotion of renewable energy sources. 
Ghana has substantial RES potentials such as Wind, PV, wave, biomass, small Hydro and 
MSW (Municipal Solid Waste) though the study concentrated on Solar and wind energies 
with the intention of expanding RES to a maximum of 50% by 2050. 
HRES Development explores the full potentials of RES in the Ghana. This development 
adopts the changing of the existing strategy to lower emission technologies from high 
emission technologies by drastically reducing electrical energy generated from the fossil 
fuel. 
4.2.0. Discussions of the Technical Results and Analysis 
The technical results of the integrated energy planning framework comprise results of the 
Energy Demand, Transmission and Distribution Losses Carbon tax, CO2 Emission Targets, 
and Energy Efficiency frameworks. The policy directions described in various generation 




Figure 4. 3. The expected Installed capacities needed by 2050 
 
Figure 4.3 clearly showed that, at least 16 GW needs to be added to the total capacity of 
Ghana’s energy in order to meet the increasing demands as well as specified energy back-
up margins. The optimal result (Stage one) forecasts a total change from energy generations 
of thermal and hydro. The stage two (High RET) forecasted 14 GW and the Stage three 
(Advance RET) projected 10 GW to be added in order to achieve the needed results by 
2050. However, RES contributions to national grid in 2010 (Table 2.5) was less than one 
percent (1%). As of now (2019), the RES power is not encouraging, the country has not 
taken any pragmatic measures to harness the renewable sources. The introduction of solar 
energy on pilot bases is only implemented in educational and financial institutions. It is 
important to note that, RES introduction in every power sector is as a result of their economic 
benefits. This is an indication of the reason why Ghana should diversify its generation 
system with appropriate RE policies. Renewable Energy Technology (RET) development is 
the only requirement for the achievement of higher installed capacities in Ghana. According 
to McPherson and Karney [249], the construction of higher RET capacities are needed in 
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order to meet the equal demand of the thermal plants. Unlike the moderate RES and base 
case for 17% growth expansion, the Higher RES disposition will guarantee high variety of 
the energy generation mix, thereby reducing the share of thermal generation. As a result, 
Ghana will benefit from 58% and 39% RES share for High RES and Moderate RES 
developments respectively.  
 
4.2.1. Technical Results of Stage One Development   
Figure 4.4 shows the results of the base case development as a reference point to expand 
the energy generation and supply systems in Ghana. It was observed in the literature review 
(figure 2.3) that, the installed capacity of 2,552.50 MW in 2014 had to increase to 4,122.50 
MW in 2016, in order to meet the country’s energy demand. In order to meet the total 
demand from 2017 to 2050, 300 MW of power from natural gas powered thermal plants 
were added endogenously through LEAP model application. It is expected to switch from 
crude oil energy production to natural gas energy production from the year 2030 as indicated 





Figure 4. 4. The Stage One Generation of Electricity (by Plant Type) 
 
Figure 4.4 also reveals that, hydropower, which has dominated in the country’s energy 
production decreased in 2010 from 57.6% to 20% in 2025 and 20% to 9% from 2025 to 
2050 according to the capacity results from the LEAP model. The introduction of The Non-
conventional RES into the country’s generation system has seen a significant increase from 
0.1% from the base case level to about 12% in 2050. In the final analysis, the capacity of 
the total energy mix will have to be increased to 19 GW by plant type as shown in Figure 
4.4. The model forecasted a declined move from hydropower to thermal power with natural 
gas, as the main fuel, as shown in Figure 4.5. Figure 4.6 however, illustrates the energy 









Figure 4. 6. Energy Generation in Percentage Share of Stage One Development 
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Figure 4.6 also revealed that, natural gas powered thermal generation has increased to 44% 
in 2020, 70% in 2040 and 81% in 2050 in order to achieve the needed demand. RES 
generation on the other hand has reduced to 7% at stage one as a result of the growth plan 
by the close of 2050. Thus, 5% from the conventional hydro power and 2% from the Non-
conventional RES technologies.  
 
It was further highlighted in Figure 4.6 that, the generation share of Non-conventional RES 
increased in 2017 from 0.1% to 15% in 2030. This is in line with the current official target of 
RES generation in Ghana [250]. Wind energy generation accounted for less than 2% of the 
entire generation in both 2020 and 2025 in that order. PV plants were considered to be 
dominant force in energy generation as compared to the other renewables but unavailability 
of PV plants in Ghana reduced their productivity. 
 
4.2.2. Technical results of Stage Two RES Development  
The introduction of moderate or stage two Non-conventional RES technology into the 
national energy mix was conservatively attempted to examine the possible effects on 
thermal generation and compare the outcome with the stage one situation as shown in 
Figure 4.7. However, thermal energy still dominates in generation as a result of more natural 





Figure 4. 7. Stage Two RES Generation Plant Type Development 
 
Generation of RES share of the national energy mix doubled in the stage two RES 
development, as compared to the stage one, where Non-conventional RES contributed 
16TWh in 2035 and 52TWh in 2050 of the entire capacity. Figure 4.8 illustrates percentage 





Figure 4. 8. Percentage Input of Renewable Energy Generation by Plant Type 
 
The maximum terawatts hour of power projected for wind and PV plants in the stage two 
RES development were 30TWh in 2030 and 26TWh in the same year for PV and wind 
respectively. These are expected to be expanded to 78TWh and 72TWh at the end of the 
study period. In spite of significant growth in RES production, the total RES generation share 
dropped to 66% by 2050 as against 81% in the stage one. The RES reduction was as a 
result of the minimal increase in large hydro plants.    
 
4.2.3. Technical results of Stage Three RES Technology Development   
High RES development considered generation framework that maximises the utilization of 
any available RES of the country, as against the utilization of energy produced by the fossil 
fuels. Two additional hydro plants to be constructed in 2025 and 2035 also were considered 
in stage three RES development. The strategy adopted to expand, succeeded in significant 
reduction of thermal energy generation as illustrated in Figure 4.9. With stage three, RES 





Figure 4.9. Stage Three RES Development for Renewable Energy  
 
The agenda of increasing the RES deployment has yielded positive results, as predicted, 
non-conventional RES share has increased to a peak value of 45 TWh in 2040 from PV, 
wind and hydro sources, but slightly declined to 42 TWh in 2050. Figure 4.10 illustrates the 





Figure 4. 10. Energy Generation in Stage Three RES Development (Plant Type) 
 
Contrasting other developments, stage three RES capacities peaked at closed values and 
these values confirmed the real maximum of all obtainable resources of the plant type. 
These outcomes therefore are clear indication that, the country can generate over 50% of 
RES to meet its growing energy demands. The study also considered the various challenges 
of integration of RES in large quantity into the grid system and suggested possible solutions.  
 
4.2.4. Cost-Benefit Analysis of the IEP  
Table 4.9 presented the monetary outcomes of the developments in 2010 in US dollars. 
From Table 4.9, all costs relating to the framework development were taken, to allow the 
environmental effect to be quantified in the development. The cost included Operation and 
Maintenance (O&M) and Environmental Externalities (Env. Ext) costs. The costs of adverse 
effects from greenhouse gases, which emanated from power generated fossil fuel and job 




There is no carbon tax mechanism in Ghana as it stands now; nonetheless, this study 
adopted carbon tax of Ȼ50.00/tonne in 2020, Ȼ100.00/tonne in 2030 and Ȼ150.00/tonne in 
2040 in that order. This is highpoint consequences of the carbon tax introduction on the 
various developments. Table 4.9 therefore, summarises the costs and, benefits of 
circumvented fuels bought, transformation and ecological externalities, as compared to 
stage one development. The outcome may not be exact cost value, but could provide a 
convenient yardstick to compare with the fiscal performance.  
 
Table 4.9. Cumulative Cost Benefits from 2010 to 2050 for the Stage One Development 
Item Cost in 
(Million USD) 
Discount rate of 5% Discount rate of 10% Discount rate of 15% 
Stage 2 Stage 3 Stage 2 Stage 3 Stage 2 Stage 3 
Transformation 5134.47 13296.42 1787.35 5260.50 722.26 2468.90 
Fuel -107.14 -632.59 -82.98 -478.22 -63.94 -366.69 
Env. Ext. Cost -4.33 -25.03 -3.25 -18.29 -2.48 -13.66 
NPV 5023.00 12638.81 1711.13 4762.99 655.84 2088.56 
 
 
Table 4.9 further shows that, at the base reduction rate of 10%, an additional cost of 
$1787.35m and $5260.50m in capital investment will be needed to start the implementation 
of the stage two RES and the stage three RES developments respectively during the 
planned 3 decades study period. According to the master plan and recommendations by the 
West Africa Pool Generation and Transmission (WAPT) for member countries, 10% target 
was set as real discount rate [251]. To consider higher investment cost of technologies, the 
results were not surprising in the alternative developments. The RES developments were 
seeing much lower than the total Net Present Value (NPV) according to the results. This is 
as a result of the substantial cost savings in fuel that occur in the two RES developments. 
From the results shown above, Ghana needs a long term savings in the cost of fuel by 
implementing the alternate development during 2010 – 2050 with the addition of RES into 
the energy generation plan. 
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4.2.5. Environmental Analysis of the IEP  
This study adopted the Fourth Assessment Report (AR4) emission factors, which is in 
accordance with the IPCC's (2013) Conference of Parties (COP 19) strategies and its 
recommendation that, all national communications from 2015 should use the AR4 factors to 
guarantee consistency in reporting [252]. The growing CO2 emissions of the developments 
as likened toward the stage one development is indicated in Figure 4.11. 
 
Figure 4.11. Growing CO2 emissions likened to stage one development 
 
The introduction of coal instead of natural gas contributes higher emission on the 
environment, which has serious effect on the population. Cumulative emission of about 
4.000 MMTCO2e as shown in Figure 4.11 is a result of the introduction of coal in the 
generation plants. Ghana currently has no limitations on CO2 emissions on thermal plants 
for energy generation, which is why the country continues with the thermal power 
expansions as shown in the base case development. Coal contributes immensely on 
generation plants to global CO2 emissions, which is tinted in the IEA’s world energy, report 
[252]. Even though coal share of world’s energy generation in 2009 was 41%, according to 
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[253], coal accounted for about 73% of total 11.8 Giga tons of CO2 emissions globally in that 
same year. Apart from CO2 emissions, coal ash also has many toxins such as cadmium, 
arsenic and selenium. CO2 emission target, if introduced, will directly affect the growth of 
clean energy technology in Ghana. The introduction of this target resulted in a higher growth 
of NRES. Comparatively, the optimum framework model forecasted 40% of NRES power of 
the Ghana’s total installed capacity by 2050 and that will correspond to about 40% CO2 
emission drop on the optimum framework. The growth of RE generation systems have 
reduced the fossil fuel plants share of generation capacity. The production of thermal power 
is expected to reduce from its current state of 62% of the installed capacity to 55% in 2035 
and 42% in 2050 if CO2 emission targets are introduced. Reduction of thermal power 
production will automatically reduce fuel import quantity for power generation. The 
suggestion of CO2 emission target introduction will help the country to ensure energy 
security. 
 
This clearly shows that the acceptance of coal development will have adverse effect on the 
environs. The country therefore needs to consider introducing emission standards by 
encouraging the IPPs to invest in renewables but continue to explore more efficient 
combined cycle gas plants for thermal generation.  The general idea of RES contribution in 
the reduction of CO2 emissions was also confirmed in Figure 4.11. The results further 
indicated that the best way for the country is to follow the proposed stage three RES 
development generation expansion plan, in order to avoid about 90 MMtCO2e and to reduce 
about 40% as compared to that of the stage one plan. Table 4.10 shows cumulative CO2 
emissions cost and how to avoid them in various developments. The AR4 factors in this 





Table 4. 10.  CO2 Emissions cost and cost of avoiding them 
No. Scenarios Cumulative 
emission (Mt CO2e) 
CO2e 
savings (%)  
Cost of avoiding 
CO2 ($/tonne CO2e) 
1 Optimum scenario   223   
2 Low Emission Target   187 16 13.9 
3 Medium Emission Target   170 24 15.1 
4 High Emission Target  141 37 14.4 
5 Low Carbon Tax   217 3 53.8 
6 Medium Carbon Tax   202 9 48.1 
7 High Carbon Tax   190 15 48.5 
8 low Transmission and 
Distribution  
168 25 - 48.3 
9 Medium Transmission and 
Distribution   
160 28 - 49.3 
10 High Transmission and 
Distribution  
150 33 - 49.1 
11 Low Emission Target   123 45  - 45.7 
12 Medium Emission Target   107 52  - 46.5 
13 High Emission Target  92 59  - 45.9 
 
The mitigation potentials of the policies assessed in the study is confirmed in Table 4.10. 
Substantial drop of 16% to 37% of CO2 emission potentials were attained after CO2 emission 
targets were introduced. This is as a result of the comparatively higher Renewable Energy 
(RE) share of energy generation. The target set for the emission reduction required 
advanced deployment of RE tools, since they produce zero or lower CO2 emissions.  
 
The main purpose for choosing this criteria was to reduce tonnes of CO2 emissions to the 
barest minimum. The overall results shows an economically efficient reduction of CO2 
emissions with an improved performance of energy transmission and distribution systems. 
 Other strategic energy frameworks resulted in reduction rate, transmission, and distribution 
and energy efficiency situations achieved profits because of their lower demands and 
implementation strategies. Biomass generation also needs to be analysed to avoid its 
environmental effect on RES developments [255]. Deforestation is also possible with 




4.2.6. Carbon Tax framework   
This model was set up to examine the extent of damaged carbons, which emanated from 
CO2 emissions can cause to the health of the citizenry and the possible ways to eradicate 
or minimise it. Carbon tax was introduced to tightening energy generations that produces 
CO2 emissions as developed by the LEAP model. The tax was categorised in three different 
levels: low, medium and high. The production of energy from the thermal plants reduced by 
10% under stage three model. This means that the country has saved about 10% of fossil 
fuel needed to produce electricity, thus reducing the thermal generation to about 17%, 
representing 43 TWh under stage three-model framework, as compared to the optimum 
framework in 2050. As a result, RES increased from 32% to 39% representing about 47% 
of the country’s total installed capacity in stage three framework by 2050. 
 
4.2.7. Transmission and Distribution Losses Framework  
The purpose of this model is to reduce transmission and distribution losses from the 
Ghanaian grid system, thus, making maximum use of energy generated into the system. As 
a result, between 2,000 MW and 3,000 MW loss of energy was reduced as compared to the 
base case or stage one framework. The energy capacity saved under this model is almost 
equivalent to the present (2017) entire capacity of energy generated for the country. 
 
4.2.8. Energy Efficiency Framework 
Energy efficiency enhancement has been accepted worldwide as the only method used to 
reduced losses and energy demands. The growth of the generation tools are almost 
constant as indicated in stages one and two framework. However, RE share of the total 
installed capacity must be significantly improved in energy efficiency. Ghana relies greatly 
on thermal generation plants and hydropower. This has caused load shedding and power 
outages in the country when there is shortage of fuel or during dry seasons when there is 
insufficient rainfall. The introduction of RE policies and generation systems have resulted in 
higher diversification. The improvement of energy security level requires advanced diversity 
in energy technologies. 
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4.2.9. Localisation and Job Creation Potentials 
Overall jobs potentials in the IEP framework are in construction rather than operations, 
hence a big nuclear build programme makes for big employment [256]. The IEP does not 
only mention the undermining effects of mega constructional projects, which create boom-
bust local economies. Wider macroeconomic consideration needs to be taken to cover all 
sectors in job creation in order not to reduce the productivities of the long-term economic 
programme. Construction and operation jobs are expected to be created. The projections of 
job creation was based on South African RE job calculator in line with the IRENA’s more 
sustainable energy pathway. 
 
4.2.10. South African Energy Job Calculation Method  
This method of job calculation tool is based on a data from RE programme and localisation 
study in South Africa. This tool is mostly used for estimation of a number of potential jobs 
that can be created in the cause of energy plant construction and operations from different 
sites and different amount of energy. This tool distinguishes from induced and direct jobs, 
thus, construction and operational jobs. Job creation convention counts jobs in job years 
[256]. This convention was adopted and used in the Ghanaian context  
 
4.2.11. Construction jobs  
Every power plant station has some ability for electricity generation measured in Megawatts 
(MW). The tool is used for construction job calculations [256]. Jobs created during the 
construction stage such as bricklayers, builders or masons, welders etc. RE power plants 
normally takes a maximum of three years and this allows employment for local artisans in 
the areas of brick mouldings, bricklaying, welding of metals during the period of construction 
of three years. 
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4.2.12. Operational jobs  
The operational period of these power plants takes a minimum of twenty (20) years and jobs 
could be created for local skilled dwellers during the period plant operations. These jobs can 
last as long as the plant keeps generating electricity. Beneficiaries of operational jobs are 
mostly attributed to as plant operators. This tool calculates the number of operational jobs 
per years for a particular amount of electricity generated per year. Additional estimates for 
indirect and induced jobs can be derived by using technical multipliers as provided in 
appendix A.  
 
4.3. Summary   
This chapter discusses and analysed the adapted frameworks, the structure and the 
theoretical background of the LEAP model. Measured data from 2010 to 2017 were 
authenticated to pave way for the development of Ghana LEAP model. This study further 
explored several strategy choices to be accepted in order to catch up with the growing 
electricity demand in Ghana by using technologies and energy resources available. The 
analysis section began with a description of the three initial developments for the IEP 
framework: Base case or reference (stage one), Medium RES (stage two) and High RES 
(stage three). Each of the developments processes indicates strategy choices for the 
expansion of energy generation up to the year 2050 in Ghana. Economic, environmental 
and energy investigation of the three alternate expansions as compared to the base 
developments were embarked on. The country could gain monetary aids of 0.5 – 13.23% 
according to the results shown, if it decides to adhere to the prescribed generation 
expansion path in the RES developments, though It would, depend on the growths in fuel 
price and the capital costs of RES development. The study also put into account the benefits 
that could be derived from Greenhouse gases or CO2 emission reduction in the framework 
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developments, as well as the potential job creation for the citizenry. All these factors will be 











































Figure 5. 1. Vision for Ghana’s energy sector in 2050. Adapted in [259]   
 
5.0. Introduction 
The lifeblood of every economy largely depends on energy for all sectors and individual 
livelihoods. Integrated Energy Planning (IEP) is therefore necessary to make sure that 
energy service requirements for current and future are met in the most efficient, affordable, 
and sustainable manner while avoiding negative influences on the environment. The 
choices we make today on energy production and consumption will determine how 
sustainable future energy system could be progressed in socio-economic endeavours. A 
dearth of IEP for energy sector of the nation can lead to under investment in the desired 
energy infrastructure. The Republic of Ghana energy policy contract currently will expire in 
the year 2020. This means that some elements of the current energy policy framework will 
be changed. The model of Ghana’s energy has gone through tenacious and active policies 
with ambitious attainment goals of renewable energy, energy efficiency enhancement and 
technical innovation support and development of the industries. This calls for existing policy 
evaluation to determine its effects on the generation system of the country. This will help to 
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identify the gaps of the existing policies as a guide to develop a lasting policy framework for 
the country’s future energy system development.  Finally, this chapter presents a complex 
lasting energy framework with many policies, aims and strategies for energy policy makers 
to measure and provide answers to the challenges energy sector may encounter within the 
study period. 
 
5.1. Need for an integrated Energy Planning Framework  
The level of development of an economy is largely depended on energy utilisation coupled 
with how the country converts its energy resources to useful energy. To ensure adequate, 
secure, optimal and reliable energy supply is indispensable to have a coherent, 
comprehensive and workable IEP framework. This framework eventually becomes a guide 
for maintainable energy expansion, effective utilisation of the natural resources and 
provision of reliable energy supply to the citizenry. The activities of the previous policies 
developed by the EC of Ghana did not assess entirely the ecological effects of the future 
pathway on energy generation with regards to the reduction of the CO2 emission policies. 
The EC’s study again did not make any provision for identifying the optimal cost model for 
the energy generation development in Ghana. This chapter, therefore, examines and 
reviews policy options for promoting energy efficiency, reducing transmission and 
distribution losses, promoting clean energy through CO2 mitigation, promoting bilateral, 
regional and international cooperation in Ghana’s energy sector, localisation and job 
creation potential and renewable energy development. It is necessary to consider all these 
factors when investment policies on RES systems are made. Sub-sectoral strategies, 
however, are developed to reflect the individual perspective of every sector. In order to avoid 
policy conflicts, it is therefore imperative to develop an integrated energy planning 
framework for the country. 
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5.2. The Scope of Ghana’s IEP Framework 
The drawing of IEP framework should consider every energy transporters, every 
technological possibilities and every important national energy policy necessities and 
suggest alternative policy recommendations for the energy mix. To ensure the attainment 
of the energy sector objectives in an optimum manner, Figure 5.2 indicates the scope of the 













Figure 5. 2. The Scope of the framework 
 
5.3. Main Objectives 
The 2020 energy policy was built on the 2012 energy agreement. Table 5.1 summarises the 
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Table 5. 1. Overview of Ghana’s 2020 energy policy objectives [11] 
No. Project Objective Estimated budget 
Generation 
1 Expansion of Kpone thermal 
plant  




2 Pwalugu Hydro Development Expected to provide 50MW power 
to the national grid 
To be determined 
Transmission 
3 Kpone Sub-station project To aid transmission of power from 
Kpone thermal project 
$25M (USD) 
4 Upgrading of Takoradi  to 
Tarkwa Transmission lines 




5 Protection of Network system 
improvement (Phase II) 
To improve safety and reliability on 
the distribution system 
$2,366,994.00 
(USD) 
6 Rehabilitation of NED 
distribution System 
To improve safety and reliability $2,500,000.00 
(USD) 
Renewable Energy 
7 Rooftop PV solar programme To reduce peak load by 200MW 
daily on the national grid 
 
Petroleum 
8 Commercialisation of gas 
project 
To commercialise Jubilee gas for 
domestic and industrial application 
and generation of power  
 
9 Exploration of Hydrocarbon 
and development 
To promote the sedimentary basing   
 
However, the main objectives this study seeks to achieve are: to promote economic 
development, social development and environmental sustainability of the country up to the 
year 2050. It is expected to promote the country’s industrialisation programme. Specifically, 
the IEP is expected to address the following challenges identified from the results as 
adapted from the IEP frameworks of Denmark and South Africa:  
    Guarantee energy security.   
 Reduce energy cost. 
 Promote job creation and localisation. 
 Minimise environmental impact. 
 Diversify supply sources and primary energy carriers. 
 Promote energy efficiency. 
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 Promote energy access. 
The seven key specific objectives identified in this IEP framework are expanded with brief 
description of each stated objective as presented in Table 5.2. 
 
Table 5. 2. Seven key IEP objectives and descriptions 
Objective Description 
Ensuring security of 
energy supply 
The first objective of IEP framework was to ensure sufficient, 
maintainable and dependable forms of energy for the consumers. A 
sufficient backup margin of about 19% for the power generation should 
be adopted for Ghana’s energy sector. 
Minimise cost of 
energy 
The IEP is to detect and highlight the combination of supply energy 
required and energy demand for technological possibilities and energy 
sources and resources to reduce the entire cost of energy demand and 
expected energy demand  
Promote job creation 
and localisation 
Job creation and localisation were also part of the IEP development, 
as indirect consequence of the implementation process. 
Minimise negative 
environmental impact 
by the energy sector 
The IEP categorises a mix of technological options whose joined 
emissions will guarantee that Ghana’s environments are not polluted.  
Diversify supply 
sources and primary 
energy carriers 
The IEP takes into accounts all energy resources and considers the 
costs and benefits related with each against the final objective of 
suggesting a stable energy mix, including traditional and alternative 
energy sources  
Improve energy 
efficiency (reduce 
energy intensity of 
the economy) 
The IEP explores further technological choices that can be pursued to 
achieve 2020 National Energy policy targets for energy efficacy 
enhancements in the economy. Making them more effective and to 
contribute to the general efficacy enhancements. 
Promote energy 
access 
The IEP pursues to discover further options that can be followed in 
order to address some of the challenges recognised in a number of 
strategies and programmes meant at increasing access to modern 
forms of energy.  
 
 
5.4. Similar study on IEP framework 
South Africa and Denmark were selected based on the similarities in energy generations 
and natural resources for the development of the renewable energy as the case study for 
Ghana IEP framework. The two IEP frameworks were thoroughly reviewed and some 





5.5. Observations from IEP Framework of Denmark  
Denmark has a long-term strategic plan of achieving 100% RE supply of electricity by 2050 
in all sectors of the economy. Denmark currently contributes the highest non-hydro 
renewable energy in the world, 46 pct. of CO2 emissions in 2013, which is expected to 
increase to 50 pct. in 2020.Its energy reforms started as far back as in the 1970s when the 
country faced an oil crises. The country then had total dependence on fossil fuel energy 
production. Over 90% of energy supply were produced with imported oil. Denmark in the 
midst of the oil crises decided to use coal and nuclear power instead of oil for energy 
production. The introduction of nuclear energy into the Danish energy mix was opposed by 
some energy experts from Danish universities as well as some NGOs. The idea was 
withdrawn by the Danish parliament and the government in 1985.  
 
The country has a roadmap to complete elimination of energy generated from coal by 2030, 
RE shall be used for heat and electricity supply by 2035 and ultimately, reaching total 
independence of fossil fuels by 2050. Denmark implemented four energy policies with two 
decades. Total installed generation capacity in Denmark now is about 13.6 GW. The peak 
demand currently is approximately 6 GW. Denmark imports energy to the neighbouring 
countries with the net imports of 2,855 GWh. Wind energy currently contributes about 41%, 
the highest share of energy production in Danish energy mix. Table 5.3 shows the roadmap 









Table 5. 3. Roadmap to 2050 IEP framework for Denmark [198]  








Wind 41 54 61 70 
Solar PV 2 5 9 10 
Fossil 44 21 10 0 
Biomass 10 18 18 19 
Others 3 2 2 1 
Total RES 56 79 90 100 
 
Denmark is gradually reducing CO2 in non-ETS sectors such as agriculture, transport, waste 
and parts of industry, households, and the energy sector from 2013 - 2020. This is in 
accordance with the EU energy package and climate target for its countries to reduce CO2 
by 20% in 2020. The phasing-out of fossil fuels will be further reduced total greenhouse gas 
emissions in line with this strategy and Denmark will be on track for 80-95% CO2 reductions 
by 2050 as indicated in Figure 2.25 in chapter 2.  
 
5.6. Observations from IEP Framework of South Africa 
The supply of South Africans energy is dominated by coal, which represents about 70% of 
the total installed capacity. Crude oil contributes about 22%. Natural gas, renewable energy 
and Nuclear power, including biomass and hydro contribute only 9% of the installed 
capacity. The IEP in South Africa only consolidated the energy production pattern with a 
little on RES and CO2 reduction. The country aimed at reducing CO2 emissions to 40% but 
still maintained coal-power generation as the main source of energy up to 2050. 
The major challenges facing the South African energy sector such as energy security 
assurance, CO2 emission reduction and energy efficiency enhancement in the economy can 
never be resolved by market activity alone. For proper delivery of service to the public, 
government intervention in some cases through policies and directives are needed to attain 
certain policy goals. However, several policies of government have in one way or another, 
serious impact on the energy sector. Some strategies have considerable effect on energy 
strategies that ought to be technologically advanced. Another important element that was 
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identified through the IEP process was to safeguard alignment and recognise collaborations 
made among other government’s strategies. This section also recognises some of the 
important strategy subjects that have been well-thought-out in the IEP process as indicated 
in Figure 5.4, from the IEP and sector plan. 
 
5.7. Observations from Similar Energy Policies and IEP Frameworks 
The review made on the energy policies of the selected countries show that, none of the 
selected countries has an integrated energy planning framework. Egypt has a 
comprehensive plan for its energy sector though there is no policy guidelines for the plan. It 
is the only country among the selected countries, which has the longest and well-distributed 
plan to cover all energy resources in the country as shown in Figures 2.4 and 2.5 in chapter 
2. Nigeria had energy policy up to 2020 to increase the contribution of RE from 2% to 15%. 
The Nigerian policy did not put measures in place to reduced CO2 emissions as well as how 
energy efficiency could be improved. The entire energy system in DRC is disjointed, the 
country has no energy policy in place. The proposed energy policy written by the Togo’s 
Energy Commission (EC) in 2008 is yet to be adopted by the central government. The 
implementation stage of the document was slated for December 2014, though the final 
document is still under consideration stage at the EC’s office. The draft energy policy is 
expected to address various challenges in the energy sector and also to promote energy 
efficiency in the areas of generation, transmission and distribution of electrical energy. The 
state of RE in Uganda as at 2015 was less than 8% capacity. To attain the MDGs RE 
capacity, the country has set for itself 30% target of RE to augment the Uganda’s installed 
capacity as stated in their 1999 energy policy document. Uganda has a target of improving 
electricity access to 12% in 2012, 26% in 2026, 51% in 2030 and 100% in 2040 respectively. 





Comparing Denmark’s situation with that of Ghana shows two different scenarios. In terms 
of RES per area and per capita, comparative analysis puts Denmark ahead of Ghana. 
Ghana’s energy now is dominated by fossil with 55.7% and hydroelectric power of 44%. RE 
contributes as low as 0.3%. However, Ghana can adapt Denmark’s systematic approach in 
the development of numerous RES potentials. The SA IEP framework, unlike Denmark, was 
extended across all sectors of the economy. The main purpose of the South Africans’ IEP 
is to make sure that energy service requirements for current and future times are met in the 
most efficient, affordable, and sustainable means. Ghana and South Africa have some 
similarities in terms of energy production. Again, Ghana can adapt SA’s approach on the 
climate change, supply and demand in its context. The development of Ghana IEP 
framework was achieved through broader consultations from all energy policies and IEPs 
from the selected countries that were discussed earlier, coupled with the current energy 



























Figure 5. 3. IEP development procedure 
 
5.8. Key Assumptions and Policy Issues 
Framework perspective for future generation system of Ghana and enabling factors for 
renewable energy and energy efficiency development were the focus on key assumptions 
and policy issues of this study. 
 
5.9. Future IEP Framework Perspective for Energy Generation System 
Previous analysis in chapter 4 shows that the IEP framework is the most hopeful strategy 
for promoting energy efficiency, reducing transmission and distribution losses, promoting 
clean energy through CO2 mitigation, promoting bilateral, regional and international 
cooperation in Ghana’s energy sector and renewable energy development. The IEP 
framework recognises the entire primary energy sources and therefore provides solutions 
to various challenges in financing and pricing, security, energy efficacy, environmental 
issues, research and development, etc. The general shove of the IEP framework is the 
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energy sector. The stage three development of RES as an alternate framework were 
considered more beneficial as compared to that of stage one framework.  
 
5.10. Renewable Energy (RE) and Energy Efficiency (EE) Deployment  
The deployment of renewable energy and energy efficiency strategies requires an enabling 
environment and the needed policies [1, 257]. To develop IEP policy framework, the 
following support mechanisms factors are needed. These include: institutional monitoring, 
monetary and commercial, technical support, social and environmental factors. Table 5.4 
further illustrates a brief overview of the enabling factors and descriptions. 
 
Table 5. 4. Enabling Factors and Descriptions [257]. 
No. Factors Description  
1 Institutional  
and 
Regulatory 
 Long-term policies must be clearly put in place. 
 Dedicated national agencies must be established for energy data 
collection and for RE & EE.  
 The generation and distribution systems of the national grid must be 
flexible.  




 Flexible feedback to market development must be allowed. 
 Risks and benefits for RE and EE projects must be clarified.  
 Diverse funding methods must be encouraged 
3 Technical  
Infrastructure 
and Innovative 
 Technology transfer must be encouraged for imports and exports.  
 The national energy structure modernised 
4 Social   RE and EE projects must involve local communities. 
 The siting of the projects and RE pricing must done appropriately.  
 Long-term methods for skills development must be ensured,  
5 Environmental  opposing policies must be avoided  
 Dedicated national agencies must be established for energy data 
collection and for RE & EE  
 Long-term policies must be clearly put in place.  




5.11. Policy Direction for Renewable Energy Development.  
The discussions and analysis of the various stages in chapter 4 indicates that, the future of 
energy generation system in Ghana depends largely on renewable energy. However, the 
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deployment of renewable energy must be built on institutional framework and policy 
guidelines. All-inclusive framework should be planned to satisfy the following criteria: 
 Providing an incentives for renewable energy generation, 
 Allowing smooth and operative grid integration and 
 Making it affordable by removing all non-economic hurdles. 
Various policies on RES utilisation in Ghana. The renewable energy act also provides many 
incentives such as legal backing and tax relieves for promoting the growth of the sector and 
also to achieve energy sustainability. Ghana is yet to benefit fully from the Feed-in Tariff 
(FIT) and Feed-in Premium (FIP) systems since their establishments. The FIT and FIP 
impact on RE system expansion if yet to be felt as expected. Table 5.5 presents the current 
FIT for RES developments in Ghana. 
 
Table 5. 5. Current Feed-In-Tariff (FIT) of Ghana [258] 
No. Type of Generation Plant Rates in Cedis/kWh 
1. Solar PV with Grid Stability/Storage 20.138 
2. Solar PV without Grid Stability/Storage 18.247 
3. Wind Energy with Grid Stability 17.426 
4. Wind Energy without Grid Stability 16.081 
5. Hydro Power ≤ 10 MW 16.765 
6. Hydro Power (10 MW > ≤ 100 MW) 16.848 
7. Biomass Energy 17.511 
8. Biomass Energy (Improved Technology) 18.457 
9. Biomass Energy (Plantation as Feed Stock) 19.787 
 
Ghana Cedis and Peswas as expressed in Table 5.5 were based on August 2018 Ghana 
Cedi to US Dollor exchange rate, thus GH₵4.29 to US$1.00 subject for review in every two 
years. Table 5.5 further revealed that, much have been done to improve and provide clean 
energy but the present assessment shows that, most of the targets were not achieved or 
are behind schedule.  
 The 2017 RE generation share is less than 1% as at April 2015 (Table 2.3 in chapter 2) and 
this shows clearly that, the said target cannot be achieved as expected. The target year was 
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then revised to 2030. There are various barriers which impede the progress of the 
deployment of renewable energy in Ghana despite various policies drawn for the energy 
sector. Those barriers are classified as follows:  
 The market size for RE systems are not attractive as compared to the conventional 
systems. 
 Lack of financial and economic incentives. 
 Lack of technical skills and inadequate well resource training centres. 
 Lack of facility and equipment maintenance. 
 Poor monitory and laxity in laws enforcement and   
 Lack of the public understanding on social needs and acceptance of RES 
technologies. 
The EC’s and stakeholders survey on RES identifies nine of those barriers. Table 5.6 
illustrates some key barriers and measures to mitigate their effects. These mitigation 
measures shall be considered as the main core of the policy on RES deployment in Ghana. 
 
Table 5. 6. Mitigation measures against barriers to RES deployment [257] 
No. Type  Barriers  Action  
1. Political Absence of political will 
to  ensure enforcement 
• 1. Accelerate the deployment of RE strategic plan. 
• 2. Implement programmes to prioritise RES 
Technologies. 
• 3. Enforce the RE fund and RE laws 
• 4. Adopt and develop codes, labels and standards 
for RES technologies 
2. Economics Restricted access to 
capital  
Exorbitant  interest rate 
Fluctuating currency 
• Adopt tax incentives on selected RES 
technologies 
• Provide fiscal assistance for Energy Sector in RES 
technologies  
3.   Technical Insufficient facilities for 
training 
Inadequate skilled 
human resource  
• Build and equip the facilities for training 





about RES technologies 




5.12. Policy Direction for Energy Efficiency Development 
Energy efficiency provides profitable way of attaining a reliable and sustainable energy for 
the current and future use. All sectors of the economy of every country is one way all the 
other affected if the energy sector is not efficiently managed. Energy demands at the local 
levels can be reduced and better energy service can be achieved. This enables the energy 
providers to meet their energy needs at a reduced rate thereby increasing the disposable 
income for the energy users. Finally, energy efficiency at the local level can lead to improve 
health care and the well-being of the consumers. Energy efficiency at the national level could 
lead to decrease in energy related expenses such as fuel cost and cost of energy related 
infrastructure. It has positive impact on macroeconomics such as growth in GDP. Energy 
efficiency at the international level could lead to direct reduction of CO2 emissions. The 
advantages mentioned from local to international levels make the implementation of energy 
efficiency policies to be at the centre of climate change alleviation makes and long-term 
maintainable energy deployment. 
 
Many strategies have been adopted in Ghana recently for improving efficiency in energy 
sector. These include the introduction of LED bulbs to replace incandescent lamps, ban on 
old refrigerators and television importations. These measures have saved the country from 
about 6.75% of energy consumption. Refrigerators alone consume about 1200 KWh 
annually but these measures have reduced it to 650 KWh annually, representing about 46% 
savings. Domestic energy consumption is the target of the present energy policy, but 
industrial sector consumed about 60% of the energy produced in the country as compared 
to countries like India, USA and Japan, according to survey conducted by Ghana Industrial 
Energy Intensity [258]. Ghana needs to develop her own energy efficiency policy with 
particular targets for the key energy demand sectors of the economy. Table 5.7 presents 
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summarised energy efficient policy which could be accepted by Ghana as part of the 
country’s energy efficiency policy for medium to long-term. 
 
Table 5. 7. Proposed primary areas for EE Policy in Ghana 
No. Sectors  Action 
1.  All Sectors  Institute well equipped structures for gathering data on energy efficiency. 
 Establish and equip an independent body to effectively focus on improving 
energy efficiency. 
 Provide adequate funding and incentives to promote energy efficiency 
 Educate the populace on energy efficiency and benefits.  
2. Lighting and 
appliances 
 Develop appliance labelling system and ensure enforcement 
 Define Minimum Energy Performance Standards (MEPS) for electrical and 
electronic appliances 
3. Buildings  Initiate building codes 
 Set timelines to improve electrical networks of buildings. 
4. Industry  Institute regular energy audit of industrial premises. 
 Define MEPS for industry 
 
5.13. Effects and Benefits of IEP Framework 
The meaning of the IEP framework is that, within the next decades, Ghana will complete the 
process towards the RES and grid integration. Moreover, this new initiatives will help the 
government to attain a higher share of renewable energy to about 40%, lower energy 
consumption of about 7% annually, reduction of CO2 emissions of about 40%, retention of 
a high security of energy supply and good opportunities for Ghanaians companies working 
with climate solutions and energy efficacies. Much efforts therefore need to be put in place 
to curtail the effect of CO2 emissions and improve on localisation and job creation. 
 
5.14. CO2 Emissions  
This study adopted the Fourth Assessment Report (AR4) emission factors, which is in 
accordance with the IPCC's (2013) and Conference of Parties (COP 19) strategies and its 
recommendation that, all national communications from 2015 should use the AR4 factors to 
guarantee consistency in reporting as discussed in chapter 4. The introduction of coal 
instead of natural gas contributes higher emission on the environment, which has serious 
effect on the population (Figure 4.12 in Chapter 4). Even though coal share of world energy 
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generation in 2009 was 41%, according to Duku [256], coal accounted for about 73% of the 
world 11.8 Giga tonne of CO2 emissions for that year. This clearly shows that the acceptance 
of coal development will have adverse effect on the environs.  
 
5.15. Localization and Job Creation Potentials 
If IEP under-counts emissions, produces exaggerated forecasts for jobs, most jobs would 
be in construction rather than operations. Hence, a big nuclear build programme makes for 
big employment. The IEP does not only mention the destabilising effects of mega 
construction projects, which create boom-bust local economies, wider macroeconomic 
consideration needs to be taken, to cover all sectors in job creation in order not to reduce 
the productivities of the long-term economic programme, but also creates construction and 
operation jobs. The projections of job creation was based on South African RE job calculator 
in line with the IRENA’s more sustainable energy pathway. The analysis of the IRENA’s 
proposes 10.3 million jobs in 2017, 23.6 million jobs in 2030 and 28.8 million jobs in 2050 
respectively in the energy sector as previously discussed in chapter 4. In line with IRENA’s 
more sustainable energy pathway, Ghana’s largest solar PV project, the 155 MW Nzema 
plant, was estimated to have created 500 jobs during its 2-year construction, and 200 
permanent operations jobs. The facility was likely to induce another 2,100 local jobs through 
subcontracting and demand for goods and services. The results indicated approximately, 
3.538 million direct and indirect jobs could be created within the study period.  
 
5.16. End use Technologies in Ghana 
The Ghanaian economy comprises of four major sectors as classified by the Ministry of 
finance and economic planning: namely, Industrial, Commercial, Agricultural and 
Residential sectors.  The growth and the performance of Ghana’s GDP for some sectors of 
the economy is presented in Table 4.3 in chapter 4. The IEP covered all the four sectors 
with particular emphasis on the energy demand per every sector. The 8% rate of GDP 
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growth for the base case projections were adopted as load projection from 2010 to 2025, 
and increased to 12% from 2026 - 2050 with expectations that the power supply will improve. 
 
5.16.1. Industrial sector  
The industrial sector of Ghana comprises of Mining, Chemicals and petrochemicals, Non-
ferrous metals, Iron and steel, Non-metallic Pulp and paper, Food Processing, Minerals and 
others. Industrial sector is counted as the major consumer of electricity and energy in Ghana 
As it stands now, the industries in Ghana consume about 47% of the total installed capacity 
if VALCO operates in full capacity. 
 
5.16.2. Commercial sector  
This sector consumes about 26% of the total installed capacity, which is made up of the 
Government, Financial institutions, Education and Shops, Recreation and Office buildings. 
The commercial sector energy is mainly used for air conditioning and lighting. The biggest 
users of the electricity in this sector are Office machines such as fax machines, computers, 
and printers. Electricity is the larger share of energy for this sector. 
 
5.16.3. Agricultural sector 
This sector uses a lesser portion of the national employment. Agriculture produces the third 
highest portion of the Gross Domestic Product (GDP). Globalisation and commercialization 
of farming is probable to lead to fewer profitable farmers with larger farms to increase 
exports and imports in this sector. Agricultural sector is the least energy consumer as power 
is only used for irrigation purposes with about 10% of total energy share in Ghana. 
 
5.16.4. Residential sector  
Urban and rural areas made up residential sector. Rural areas are places where people live 
in shacks made of wood and tin. Those places are normally described as informal 
settlements or squatter camps. Wood is their main source of energy. However, the urban 
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people rely on the use of electricity and natural gas. The sector consumes about 27% of the 
country’s energy. 
 
5.17. Costs and Benefits 
The cost of energy systems are made up of different components with different parts of the 
energy value chain from primary energy supply to final energy delivered for consumption. 
Table 4.9 in chapter 4, therefore, summarises the cost and benefit and circumvented fuel 
purchased, transformation cost and cost of ecological externalities as compared to that of 
stage one development. The cost of adverse effect from greenhouse gases which emanate 
from power generated from fossil fuel were also factored into the development.  
 
5.18. IEP Framework and Policy Directions from 2017 - 2050  
This segment gives a summary of policy direction and a framework for future energy 
generation, transmission and distribution systems of Ghana based on the outcome of the 
data acquisition and analysis made in the study. The focus on energy efficiency should go 
beyond domestic and expand it to cover that of industrial and other sectors. Energy audit 
should be conducted at the industrial sector to ensure performance standard and the ban 
on old refrigerators and televisions should be enforced to the later. Transmission and 
distribution losses reduction strategies must be implemented. These should include both 
technical and non-technical losses. The country should encourage the use of RES on 
domestic activities in places such as schools, hospitals and local assemblies. CO2 emission 
tax must be introduced, not only to create awareness but also for economic gains. Proceeds 
from this tax could be used for maintenance purposes and to improve RES development. 
Emission targets must be enforced to inspire energy providers to explore other alternatives 




Development of an alternative energy source has slowed down as a result of over 
dependence on fossil fuel energy. Locally available energy resources should be developed 
to serve as energy alternative for the country. Fuelwood and charcoal, which are the main 
energy for the rural dwellers, contribute about 27% of Ghana’s energy consumption. The 
imbalance of demand and supply of fuelwood is also a threat to energy security of the 
communities in rural areas. The energy supply mix in the rural areas need to be diversified 
to avoid energy insecurity. 
 
 The government of Ghana owns and controls all industries in the energy sector. 
Government’s inability to provide the needed funds as a result of increasing demands from 
other sectors such as health, education, transport and security has hugely affected the 
operations of the energy sector. The established facilities in the energy sector had 
increasingly deteriorated, whereas new capacity had not been added, in spite of the growing 
demand. Deficiencies of management and funding cause insufficient and unreliable energy 
supply. Private sector participation in this regard is necessary to attract new investment to 
the energy sector to restructure it, whereas the profit motive will be used to assist in finding 
solutions to operation and management challenges experienced under public ownership. 
Listed below are the policy framework and directions. 
 
5.18.1. Hydropower 
Hydro power is currently the second highest producer of electricity in Ghana, it contributes 
about 42% of the country’s energy mix. It provides one of the cleanest and the cheapest 
electricity, notwithstanding its high initial capital cost. Ghana is endowed with huge hydro 
potential with an estimated production of about 3000 MW. Apart from Akosombo, Kpong 
and Bui dams, several streams and small rivers can be harnessed as small scale projects 
for the production of additional 100 MW of electricity. The small scale hydropower projects 
have potentials for the provision of electrical power for the rural dwellers in Ghana. The 
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results of this study, however, indicated a downward trend slightly to pave way for more 
renewable energy developments. 
 
i. Policies 
 All available hydropower potentials shall be harnessed fully for generation of 
electricity for the country. 
 Particular attention shall be paid to the micro and mini hydropower development 
schemes in Ghana. 
 Ghana needs to promote the indigenous and private sector participation in the 
development of hydropower. 
ii. Objectives  
 To increase the percentage hydropower contribution to the nation’s installed 
capacity.  
 To increase the rural electrification project via micro and mini hydropower schemes. 
 To entice private sector participation and investment into the production of 
hydropower schemes. 
 To reduce damage to the ecosystem cause by the development of the hydropower 
schemes. 
 To motivate diversification of the energy resource base. 
 
iii. Strategies 
 Maintaining and establishing new multi-dimensional contracts to regulate and monitor 
the usage of water in global rivers flowing through Ghana. 
 Increasing participation of indigenous in the designing, planning and construction of 
hydropower plants.  
 Basic engineering infrastructural accessories and equipment should be provided by 
the government for hydropower plants development.  
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 Private sector, both foreign and indigenous should be encouraged to establish and 
operate hydropower plant in Ghana. 
 Private sector, both foreign and indigenous should be encouraged to produce local 
accessories of hydropower plants. 
 Hydro potential rivers data should be updated constantly to identify all possible dam 
locations in the country. 
 
5.18.2 Thermal Power 
Thermal power is currently the highest producer of electricity in Ghana, it contributes about 
57% of the country’s energy mix. The installed capacity as at the end of 2017 was 2172 
MW. The average dependable energy was 1985 MW but the available power within the 
period was 1527 MW, the highest among producers. Light crude oil, natural gas and diesel 
are the main sources of fuel for Ghana’s thermal power plants. Some of the plants can use 
more than a type of fuel, though natural gas is a preferred choice because of its relatively 
low price. Inadequate supply of the natural gas in Ghana is the main challenge for the 
operation of the thermal plants. 26% of energy produced from thermal plants are produced 
from plants that use only national gas. The results shown in chapter 4 of this study 
suggested a shift from thermal energy to a renewable energy, in order to achieve the 
purpose of CO2 emission reduction. 
 
i. Policies 
 All available thermal plants shall continue with their operations for generation of 
electricity until Ghana attains its RES target in 2050. 
 Ghana will continue to promote the indigenous and private sector participation in the 






 To maintain the percentage share of thermal power contribution to the nation’s 
installed capacity.  
 To entice private sector participation and investment into the production of thermal 
power schemes. 
 To motivate diversification of the energy resource base. 
 
iii. Strategies 
 Increasing participation of indigenous in the designing, planning and construction of 
thermal plants.  
 Private sector, both foreign and indigenous should be encouraged to establish and 
operate thermal power plant in Ghana. 
 
5.18.3 Solar Energy 
Ghana is located between 4º44’N and 11º11’ latitudes and 3º15’ and 1º12’ longitudes. The 
land area is about 238,539 km2 with tropical weather, which is experienced in every part of 
the country. The country is endowed with abundant solar resources that are mostly found in 
these areas: Navrongo in the northern part of Ghana, Kumasi in the middle part of Ghana 
and Takoradi in the southern part of Ghana as shown the Figure 2.8. Conversion of sun 
energy into electrical energy has gradually become a major renewable energy source in the 
world now and many countries are tapping into solar energy to replace thermal and hydro 
power.  Ghana is blessed with solar irradiation across the country with an average daily 
ground measure between 3.92 and 6.11 kWh/m2. The duration of the yearly sun shine is 
estimated between 1800 and 3000 hours which can generate up to about 9.8 PWh. This 
clearly shows that, the radiation level in Ghana currently is enough to generate energy more 





 Solar energy integration into the nation’s installed capacity should be pursued 
aggressively. 
 Ghana should keep up-to-date with the global developments of solar energy 
technologies. 
 
ii. Objectives  
 To increase the percentage of Ghana’s energy mix through solar energy. 
 To increase the market share of solar energy accessories and technologies. 
 To develop solar energy technology conversion both in locally and internationally. 
 To increase the rural electrification project through solar energy. 
 
iii. Strategies 
 Increasing development and research in solar energy technologies. 
 Encouraging training on solar energy and development of manpower. 
 Encouraging local solar energy products manufacturers by providing sufficient 
incentives. 
 Initiating measures to encourage and provide adequate support for local industry of 
solar energy system. 
 Providing financial support for the solar energy systems installation. 
 Maintaining and setting up a complete information system on how to assess solar 
energy resource and technology in Ghana.  
 
5.18.4. Biomass Energy 
The only fuel in Ghana for cooking in rural areas are charcoal and firewood  though the 
country has not benefited from energy produced from biomass as practiced in other parts of 
the world. Even though the use of biomass in power generation will result in almost zero 
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CO2 emission, a comprehensive assessment made so far indicates that, Ghana has 
biomass potential for electricity production, but the country is yet to benefit from the natural 
resource due to lack of technical knowhow. According to Duku et al [279], crop residue 
produced in 2008 alone was estimated to about 4.8 million tons, which can generate 75 
TWh of energy got wasted. In that same year, wood and logging processing as well as MSW 
were estimated to about 616,000 and 760,000 tons respectively, wasted. In conclusion, they 




 Ghana shall efficiently harness and integrate non-fuelwood biomass energy 
resources with other energy resources. 




 To increase biomass products in rural areas as an energy resource alternatives.  
 To promote an effective usage of all farming residues, human and animal trashes to 
serve as energy sources for the rural dwellers. 
 To minimise combustion of biomass fuel hazards.  
 
iii. Strategies 
 Giving enough motivation to local entrepreneurs to produce biomass energy 
conversion systems. 




 Educating capable work force and providing them with basic Engineering skills to 
produce spare parts and components for biomass systems. 
 Educating capable manpower to maintain biomass energy conversion systems. 
 
5.18.5. Wind Energy 
The fastest increasing RES worldwide currently is wind energy. However, Ghana is yet to 
harness wind energy for the country, in spite of the country’s adequate wind potential. 
According to National Aeronautic and Space Administration (NASA) three selected sites, 
where the country could generate energy, as shown in Figure 2.9 in chapter 2, were 
identified. National Renewable Energy Laboratory (NREL) wind resource map also identified 
Ghana’s wind potential to produce energy (Figure 2.9 in chapter 2) However, Ghana is yet 
to make good use of these blessed natural resources. It was further revealed in Figure 2.9 
that, the eastern border with Togo has wind condition of 7.8 to 9.9 m/s, which could produce 
energy density between 600 and 800 W/m2 though it has not been attended to. All these are 
clear indications that, wind potential in Ghana is enormous though no wattage energy has 
been produced to the national grid.  
 
i. Policies 
 The effective usage of wind energy technology should be promoted by the 
government.  
 Necessary measures shall be taken to ensure that wind energy is developed at 
maintainable cost to consumers and suppliers in the rural communities of Ghana. 
 
ii. Objectives 
 To develop Ghana’s potential wind energy to serve as an alternative source of energy. 
 To develop Ghana’s potential wind energy to provide power for rural communities 
which cannot be connected to the national grid now. 
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 Developing and encouraging research on wind energy utilisation in Ghana 
 Educating capable work force and providing it with basic engineering skills to produce 
spare parts and components for wind power systems. 
 Starting pilot projects to produce wind energy accessories and systems. 
 Training of local skilled artisans to operate and maintain wind energy systems. 
 Giving suitable motivations for wind energy developers, producers and consumers. 
 
5.18.6. Energy Efficiency 
Currently, the utilisation of energy in Ghana’s economy cannot be described as efficient. 
Aside direct losses, effective use of energy has its own inferences on the economy. Either 
investment made on infrastructure will be more than the required or the ecological 
challenges may be compounded because of high prices of goods. Studies have shown that 
Ghana has huge potential for energy conservation in every sector. About 24% of energy 
used in Ghana’s industries go waste due to lack of simple housework measures. OR Ghana 
has a huge potential for energy conservation in every sector. Studies have shown that about 
24% of energy used in Ghana’s industries go waste  due to lack of simple house work 




 Ghana shall encourage the adoption and development of efficient utilisation of energy. 





 To improve the security of Ghana’s energy and self-sufficiency. 
 To ensure judicious misuse of non-renewable energy resources in Ghana. 
 To remove preventable investments in the energy supply sub-structure. 
 To lessen the production cost of energy-dependent chattels and services. 
 
iii. Strategies 
 Giving institutional motivations to promote energy conservation and application of 
energy efficacy methods. 
 Lessen the consumption of the energy by increasing mass communication and 
transportation system in every part of the country.  
 Taking steps to ensure that all machinery and equipment imported into the country are 
energy efficient. 
 Taking suitable measures to lessen storage of energy, transmission and losses in the 
distribution system. 
 Keeping the public informed about the needs and benefits of energy efficiency 
development. 
 
5.18.7. Bilateral Co-operations 
Ghana currently has joint collaborations with local and foreign energy industries within the 
context of its monetary relations with some other countries and bilateral establishments. The 
aim of this cooperation is to accompaniment local efforts to ensure energy security for the 
country. Joint management, energy supply and fair-play participation in energy sources 
development form part of the multi-lateral collaboration with our local and foreign partners. 
Ghana’s involvement in international organisations offers an opportunity for it to champion 
its cause in its energy agenda. In this regard, Ghana’s energy sector can benefit from mutual 




 Energy sources in Ghana shall be positioned in enhancing and promoting international 
collaboration for the general technological and economic expansion for the nation.  
 Ghana shall emphasise on strengthening and promoting energy integration and 
cooperation within the sub-region. 
 
ii. Objective 
 To improve Ghana’s effective involvement in international organisations in relation to 
energy. 
 To enhance the use of the sub-region’s energy resources.  




 Promoting the formation of instrument in both local and foreign to promote trading and 
exchange of related information and technology in the energy sector. 
 Enhancing favourable interchange relationship with ECOWAS and AU member 
countries for easy funding of the energy related projects. 
 Mobilising local capital in the community and promoting a positive investment weather 
to attract international funding for energy projects development. 
 Safeguarding Ghana’s active involvement in international organisation on energy. 
5.18.8. Funding 
Funding necessities for the whole energy sector is considerable. The country needs new 
investments for the exploitation and exploration accomplishments. The necessary funding 
needed should be long-lasting with support from both local and foreign funding sources. But 
national earning and foreign investments capitals together can offer the needed financing in 
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greater proportion. Due to the risk element in energy projects, every investment made in the 
sector must be made to yield a higher rate of returns in order to pay back in due cause to 
attract more investors. Government alone cannot provide the needed funds for the activities 
in the energy sector due to other obligation and competing needs. This calls for private 
sector inputs for both local and foreign. Therefore, the financial performance must be 
improved and favourable environment be provided to attract investors.  
  
i. Policies 
 Ghana should adopt and explore feasible funding possibilities from domestic and 
foreign partners for the development of its energy resources. 
 Energy sector investment should be given the needed attention and priority it deserves 
in the financial sector. 




 To provide the needed funds for the energy sector. 
 To continue providing funds for the projects in the energy sector. 
 To position the energy sector to attract both local and foreign investors. 
 
iii. Strategies 
 Dedicating portions of the national budget to cater for energy sector in the areas of 
research, training and technology acquisition. 
 Providing economic motivations for potential investors in the energy sector. 




 Ensuring realistic returns on all investments in the energy sector via cost effective 
pricing of the energy. 
 Creating enabling environment to attract local and foreign investors in the energy 
sector. 
 
5.18.9. Local Participation 
Government’s dominant role in the energy sector is crippling it because of its inability to 
meet its huge capital demands coupled with advanced technology. Ghana’s wealth creation 
capabilities of private sector and the level of local participation in the development of the 
energy sector is not encouraging, in meeting its needs. Local private sector participation 
must be encouraged by inclusion of ordinary Ghanaian citizens to participate and vie for the 
investments opportunities in the energy sector. Indigenous participation will help the nation 
to secure a healthy energy sector development and to provide decent jobs for the local 
people in the country. 
 
i. Policies 
 Individual Ghanaian citizens and local companies shall be integrated into possession 
participation in the privatised and deregulated energy sector. 
 Local participation in the development of the energy sector shall be promoted to a 
higher level with financial support from the government.  
 
ii. Objectives 
 To ensure effective participation of indigenous private companies for the development 
of the energy sector. 







 Founding a funding scheme which can support the local investment in the industries 
of the energy sector. 
 Making a percentage share for local companies to acquire in the privatised energy 
sector. 
 Encouraging the local investors to establish in the production and service in the energy 
sector.  
 
5.18.10. Energy Planning 
Multi-dimensional nature of energy issues demand effective planning, to deal with the 
factors affecting energy demand, supply and consumption. It is therefore imperative to adopt 
an integrated and comprehensive approach in order to avoid discrepancies in the planning 
process. Other sectors of the economy must also be considered in the planning process. 
 
i. Policies 
 The development of the IEP system shall involve all programmes in relation to the 
energy and actions of other sectors of the economy. 
 The IEP system shall be all-inclusive to cover the activities of the resources 
exploitation, developing and consumption.  
 The IEP system shall be reliable with the entire development goal of the nation. 
 
ii. Objectives 
 To ensure consistency in the IEP system with the activities of the other sector of the 
economy. 
 To ensure consistency in the IEP system with national development plans and policies. 
 To ensure enough energy supply to other sectors of the economy. 




 Reinforcing the collaboration between Energy Commission and the other agencies 
working for the energy sector. 
 Encouraging official cooperation and dialogue between organisations whose activities 
are inter-related to the energy sector.  
 Creating energy planning and implementation agencies to cater for the energy related 
issues. 
 Introducing an effective and accelerated manpower expansion programmes. 
 Developing master plan for the energy to ascertain the demand type, categories of 
consumers, energy supply and to study the interaction between energy, economy and 
the environment. 
 
5.18.11. Policy implementation 
Without proper implementation, no policy can succeed. To accomplish the specified aims 
and effectively implement the strategies, several instruments such as financial measures, 
education, judicial measures, information and official arrangements need to be applied. 
Long administrative procedures and delays hampered the realisation of policy programmes. 
These challenges need to be addressed effectively before we can successfully implement 
the energy policy. 
 
i. Policies 
 Energy Commission of Ghana shall coordinate and monitor the implementation of this 
energy policy. 
 Any other government related policies on energy should be developed from the 







 To ensure proper implementation and management of the national energy plan. 
 To ensure that the expected role by the energy sector shall be performed effectively 
in order to achieve the main aims of the national energy plan. 
 To ensure all sub-sectorial plans on energy related matters are consistent within the 
national energy policy framework. 
 To reinforce the coordination and monitoring of the core functions of the energy 
commission. 
 
iii. Strategies  
 Ensuring proper forum is established for periodic dialogue among departments and for 
agencies that are connected to energy production and usage in the country. 
 Promoting the participation of private sector on energy production while government 
plays its role by providing basic energy substructure.  
 Ensuring effective implementation of policy strategies, proper monitoring and valuation 
of the implementation procedure. 
 Ensuring regular checks on the implementation of the energy sector policy. 
 
5.19. Summary 
This chapter explores energy policies and programs for promoting RES and grid integration. 
The chapter again looked at the significance of policy requirements for renewable energy 
and energy efficiency and how both policy requirement can be adopted in Ghana IEP 
framework and policy directions. The chapter further identified some barriers that works 
against the implementation of previous policies. The study identifies some lapses in the 
designated institutions and proposed an establishment of a sole dedicated agency at the 
national level for RES development. This will rationalise the various strategies, utilise the 
vast RES in Ghana and create the necessary awareness for public education. The agency 
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again can lead to the implementation of long-term generation policies with regards to the 
available RES in the country. Proper implementation of this IEP framework will serve as a 
motivating factor and inspire investment in the country’s RES potentials for RES 
development.   
 
The energy landscape in Ghana’s future projections depends on the achievement of the 
main objectives of the IEP framework. Security of the energy supply must be guaranteed in 
all sectors of the economy with timely decisions and proper investments in new energy 
infrastructural projects and proper maintenance care. Security of supply in liquid fuel sector 
must be ensured by moving away from imported fuel and concentrate on local production. 
The cost of energy in all sectors should be managed in accordance with the planned 
projections. The chapter concluded with the summary of the IEP framework and policy 
directions for Ghana from 2017 to 2050 in reference to the overall results and other factors 
















Summary, Conclusion and Recommendations 
 
6.0 Introduction  
Chapter 6 presents the summary of the entire thesis, conclusion and some 
recommendations for future research. The aim of this chapter again is to recapitulate the 
outcomes of the study and propose some useful recommendations for future works.  
 
6.1 Summary   
The main objective of this study is to develop an integrated energy planning framework for 
Ghana, by providing all-inclusive analysis of energy generation growth planning in the 
county’s power system. Specific emphasis was placed on renewable energy integration into 
the national grid. To achieve this objective, a multiple approach was adopted; the 
methodology was divided into three main methods, which include Content analysis, multiple 
case study and procedure for the IEP framework development. The LEAP model was used 
as a computer tool to analyse the entire generation system in Ghana. The process was 
performed in a specific situation as pertained in Ghana, in order to ascertain the true nature 
of Ghana’s energy situation and to select the appropriate technology for generation on the 
availability of the energy resources. A comprehensive review of Ghana’s power system was 
conducted to aid the integration planning process. Various challenges in the energy sector, 
such as Industrial, Commercial, Agricultural and Residential sectors were discussed on how 
the present energy supply could affect their operations and the quality of life of the citizenry. 
An additional review was done to explore methodologies used in some selected countries 
such as South Africa and Denmark on how IEP framework was developed in their various 




The year 2010 was selected as a reference year for this study, because it was the last time 
Ghana conducted population and housing census with its real data as foundation for the 
development of its LEAP model. Referenced to the previous policies and strategies, which 
were considered as a short-term measure, this study focussed on a long-term planning and 
projected the future demand of Ghana’s energy up to 2050. The demand projection was 
done with the aid of key parameters such as GDP growth, urbanisation and change of 
population with bottom-up approach of the LEAP model as methodology.   
 
The development of the power systems of Ghana was determined by using three key 
stages, such as base case as a reference point, stage two RES development as a means 
of introducing renewable energy into the grid system and stage three RES development as 
a means of integrating RES into the national grid as one of the main sources of energy in 
Ghana. Many challenges in Ghana’s energy sector were identified in the course of the study 
and various options were explored to promote RES integration into the national grid. Various 
activities were suggested as a way to promote energy efficiency and to reduce transmission 
and distribution losses. Lack of perfect policy framework, fiscal constraints, poor 
assessment of energy equipment and lack of proper maintenance culture are some of the 
barriers in Ghana’s energy sector. The study further revealed that, the present short-term 
focussed energy policies are not good for the country because they contain many 
inconsistencies and are disjointed. They have no capacity to address challenges in long-
term basis.  In spite of numerous RES potential in Ghana, the country is yet to profit from 
the blessed natural resources, such as wind and solar energy. Finally, an integrated energy 
planning framework was developed to serve as a roadmap for Ghana’s energy system up 




6.2. Conclusion  
The results of the study proposed about 40% of Non-conventional Renewable Energy 
Resources (NRES) into the country’s energy mix within the study period. The country has 
not taken advantage of the current decline of RES cost and modern technology to address 
its energy challenges. The country rather, still focusses on thermal power to address the 
energy deficit. The results indicated a clear picture of the RES potentials in Ghana and its 
benefits, if the country could concentrate on RES integration into the energy generation 
systems. This could save the country up to about 40% CO2 emissions reduction. 
Additionally, the diversification of energy generation system in Ghana has raised the energy 
level in a substantial degree in all alternative frameworks. This means that, Ghana will move 
away from thermal and hydro plants for energy generation and concentrate more on 
renewable energies. The overall coal-fired generation plants could be minimised through 
diversification of energy generation mix to avoid unreliable supply of fuel and unstable fuel 
prices. The study reveals that, the least cost of energy generation currently in the globe are 
wind and small plants. Hence, Ghana can also concentrates on wind and small hydro power 
production. Apart from the least cost of its production, it is also found to be the lowest CO2 
emitting plant. With regards to the fuels for the various energy plants, natural gas was found 
to be more affordable and accessible as against oil and coal. 
 
The study further made some proposal and policy directions on renewable energy and 
energy efficiency. Transmission lines need to be modernised with the introduction of smart 
grid technology. The results showed that, Ghana is still using the old machines and 
technologies on its transmission lines and that is causing a lot of erratic power failures and 
energy losses in Ghana. Renewable energy in Ghana currently (2017) contributes less than 
1% to the national grid. In spite of Government’s proposal to increase it to 10% by 2030, the 
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study reveals that, if the appropriate measures proposed by this study are followed to strictly, 
Ghana can increase its renewable energy share of 1% to 30% in 2030 and to 40% in 2050. 
   
6.3. Limitations and Recommendations   
Some limitations and recommendations of this thesis are presented and possible 
recommendations are made on how these shortcomings could be addressed in future 
studies. Some of these shortcomings are due to methodology employed, others are due to 
time and resource constraints while others are due to inaccessibility of the data needed for 
the study. 
 
One of the challenges in conducting this research, was the unavailability of information or 
data on the energy sector of Ghana, because it does not have a systematic practice of 
collecting energy statistics Therefore, data used in this study were collected from different 
sources of the country  such as Energy Commission, Electricity Company,   Grid Company, 
Statistical Service, Numerous Research Studies and National and International publications. 
Special attention was paid during the data processing for consistency, in order to enhance 
future studies on energy planning activities. The study therefore recommends that, much 
efforts be made to ensure data consistency.     
 
The IEP framework does not exhaust the possible solutions for sustainable renewable 
energy supply in Ghana. Much was not done on biomass and municipal solid waste 
renewable energy resources for power production. Unlike solar and wind energies, biomass 
and solid/liquid waste energies are not erratic. It is therefore imperative to tap into these 
technologies to produce firm energy generation for the country. The study again strongly 
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List of Appendices 
 
Appendix A: Job Creation and Calculation formula 
Indirect jobs in energy industries in Ghana are jobs created in the manufacturing industries 
in Ghana and that of induced jobs are created through funds injected into the economy 
through the plants’ operations such as local shops, hairdressers etc [18]. This can be 
calculated and adds as additional jobs using tables 4.19 and 4.20 as follows:  
 Direct operational jobs is multiply by 0.84 for indirect jobs  
 Direct operational jobs is multiply by 1.2 for induced jobs 
 
Example 1.  
If we have a hydro power of 455 MW, the number of jobs which can be created be calculated 
as follows:  
455 MW = (400 + 50 + 5) = (4 x 100) + (5 x 10) + 5.  
From (table 4.19) we can calculate the following: 
455 MW = (4 x 870) + (5 x 87) + 43.5  
455 MW = 3480 + 435 + 43.5  
455 MW = 3959 jobs  
 
Example 2.  
If a hydro of 100 MW, 200 MW of RES and 25 MW of power are built in Ghana, the following 
jobs can be created as follows:  
100 MW hydro = 870 jobs  
200 MW RES = 2 x 100 = 2 x 1350 = 2700 jobs  





Table 1. Estimation of construction job potential. Source: Adapted [18] 
Construction Jobs Construction Jobs 
Plant Capacity 






RES Plant Capacity 






1 8.7 20 13.5 10 87 200 135 
2 17.4 40 27 100 870 2000 1350 
3 26.1 60 40.5 1000 8700 20000 13500 
4 34.8 80 54 10000 87000 200000 135000 
5 43.5 100 67.5 100000 870000 2000000 1350000 
 
 
Table 2. Estimation of operational job potential. Source: Adapted [18] 
Operational Jobs Operational Jobs 
Electricity 

















1 4.8 3.2 0.3 10 48 32 3 
2 9.6 6.4 0.6 100 480 320 30 
3 14.4 9.6 0.9 1000 4800 3200 300 
4 19.2 12.8 1.2 10000 48000 32000 3000 
5 24 16 1.5 100000 480000 320000 30000 
 
The number of jobs could be calculated through this concept if the capacity of the plant in 
Megawatts are known. 
 
Example 3.  
With RES plant capacity of 150 MW, this could be generated by 150 x 24 x 365 x 0.2529 = 
328 500MW per annum. That is 328.5 GWh per annum.  To obtain life span calculation of 












Appendix B: Energy Commission’s Results on Energy Survey in 2010 [84]  
Monthly Consumption of Electricity on Appliances in kWh 
Location Refrigeration  Lighting  Television  Fan  Iron  Others  
Urban Areas 73.10 21.80 12.20 12.20 4.80 5.50 
Rural Areas 102.30 21.80 10.70 10.70 4.60 3.70 
Coastal Areas 99.80 29.40 9.70 10.70 4.30 5.00 
Forest Areas 76.10 20.00 8.50 11.80 4.20 3.00 
Savannah Areas 102.30 20.60 10.70 9.10 5.50 3.70 




Appendix C: Energy Commission’s Results on Energy Demands in 2010 
Energy Demand Projections from 2006 to 2020 in MW [84] 
Year Low growth   Moderate   High growth   
2006 1,132.80   1,209.00   1,451.80   
2007 1,313.30   1,407.30   1,616.90   
2008 1,381.10   1,494.90  1,749.70   
2009 1,456.20   1,591.60   1,898.40   
2010 1,532.20   1,691.40   2,050.80   
2011 1,601.30   1,786.70   2,206.50   
2012 1,674.50   1,888.50   2,377.80   
2013 1,741.40   1,986.70   2,555.90   
2014 1,812.10   2,091.80   2,752.80   
2015 1,886.80   2,199.20   2,963.60   
2016 1,965.80   2,313.70   3,197.50   
2017 2,049.40   2,435.90   3,457.60   
2018 2,137.80   2,566.30   3,738.30   
2019 2,231.20   2,705.30   4,044.70   


















Appendix D: Energy Commission’s Results on Energy Survey in 2010 
Monthly Maximum Loads in MW [84] 
  
Month   2010 2011 2012 2013 2014 2015 2016 2017 
Jan.   1435.90 1557.70 1673.80 1557.70 1751.30 1970.90 1751.30 1970.90 
Feb.   1432.00 1556.30 1636.50 1556.30 1648.00 1930.90 1648.00 1930.90 
Mar.  1433.60 1606.10 1709.80 1606.10 1692.30 1802.20 1692.30 1802.20 
Apr.   1456.10 1654.40 1708.30 1654.40 1791.00 1868.80 1791.00 1868.80 
May   1470.80 1603.50 1725.50 1603.50 1853.00 1841.70 1853.00 1841.70 
Jun.   1499.30 1549.50 1671.70 1549.50 1728.00 1786.00 1728.00 1786.00 
Jul.   1400.00 1538.50 1660.20 1538.50 1813.80 1823.10 1813.80 1823.10 
Aug.   1396.00 1543.40 1643.90 1543.40 1832.30 1794.80 1832.30 1794.80 
Sept.   1483.00 1590.90 1526.10 1590.90 1930.60 1715.60 1930.60 1715.60 
Oct.   1426.20 1623.40 1620.70 1623.40 1932.30 1940.20 1932.30 1940.20 
Nov.   1479.30 1636.90 1699.90 1636.90 1942.90 1779.80 1942.90 1779.80 
Dec.   1505.90 1664.60 1728.90 1664.60 1914.00 1854.90 1914.00 1854.90 
Average   1451.50 1593.80 1667.10 1593.80 1819.10 1842.40 1819.10 1842.40 
 
  
 
